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We are-pleased _±JD. submit, .herewith o.ur. report on the
referenced investigation1. Comments frorrrEPA Region III.;on
the first draft of .the" rleport. are address ed'iin Appendix 5.

As detailed, in this^ report, our work identified several
sources "o"f" contamination at_ the site, including the -
dissolution "of noh-aqueoiis" phas'e" riquid? deriv.ed from'
.process forifiulataons , "surface run-off~bf" contaminated
waters, and infiltration from the covered holding.lagoon.
Potential flow—paths for: migration""o~f ~th_e. contaminants, in
the. subsurface have been identified. "- '--. !--

Recommendations are." itfade'for. further . investigation of.
hydr6̂ e6irogiq=!.rQ0nd.itLi.oji£:̂ Lt. the; site, through pumping tests .
and additional borings/""and emplacemeht of a" Vat.er quality
monitoring pro.gram.;....Alternative .remedial methods .for clean-
up.of the.laitJeL are--.sugg"es"ted in the report....

We will, be happy to, meet. _with_you, at your convenience,
to. disc.uss our findings and recommendations in greater.
detail. In the "meantime, if,.you haverany fur.ther questions,
pleasei-feel fr.ee-:,.t6...,call us. Thank you very much for this. .
opportunity to be of.-servi-ce. - . •-: _,_,. .. :•-.-.-

Very truly yours,
- " - - - - -. - - - - - - ---;--- -- ----- BENHETT& WILLIAIIS., I13C.

"_L. : "-. --" . Truman 17. Bennctt
Principal Geologist . . . . . .
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DISCLAIMER

Conclusions reached in t'his report, are- "objectively base'l
upon the data" a_va.ilab_3.e. ;tp_.u"s_.â ",tbeu t_im,e of" forming our
opinions." _The accuracy -of the re£>6rtVdepends upon the
accuracy o..f this data. ;Every e.f fort ,is "made to evaluate .the
information" by me'tho.ds. generally recQgnlzed__tp constitute..
the .=' Sta:.t_e-̂ Qf ther'Ar't". at :the time o.f rendering the report,
and the. .conclusions reached "thsrein represent our opinions.
If actual- conditions .Vprolve". jto ,be..materJLaliy at variance with
the .d.3fta" Upon"which v;e relied as shov;n in the report, a
c,or.r<s.s;po~n~di.ng .variance jin actual experience as contrasted
with_iojLir -opinion . can be :expected', . . . .

S_ince. subsurface:.hydroge!olo~gic~"ahd . geochemical conditions
arer subject to variation's pf both time. and space, v/e accept
no responsibii.ty whatsoever, for any actions taken as. a
consequence of this rldpdrt .̂hat do.:np_t .include our specific-
invol-vement and "a.cqulescence. T".. .,_
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EXECUTIVE SUMMARY..

A c_omprehensive_r"subsurfalc_e , investigation of . the:
Virginia WoQd..,~Pre"s"e_rv.in.5 ̂Corporation. ̂ s.ite,' involving 20
monitoring wells, 23". drilled borings, and 8 shallow augerect _
holes , has been " used....to characterize the ground-water
system, and soil and ground-water contamination .

Approximately 10 to 3-0-,-fleet.. of .clayey sand and sandy
clay sediments - overlie ; fractured .-granite bedrock at the
site. Two stratigrapnic . units, have been distinguished; a
lower, weathered granite, and a shallow fluvial, formation .
These.^units are. separated throughput _ much of the site by a
relatively impermeable .har'dpan, .or friable sandy clay layer,
that-, restricts vertical ground-water flow.. This restricting
layer/is consistent except near streams and areas -of ...
standing water, where its thickness and permeability vary.

Infiltrating" surface waters . :̂ e,n_4..fc_O, .f.ltQH .along the
surface.._of the., low. . permeability hardpan, or friable .clayey
sand layer, forming a. shallow perched aquifer. Ground water"
within the weathered granite Ts-- co~rTf in'ed over mucffof ...the
are.a by the hardpan, or /friable .clayey . s.and layer, thereby
creating a separate.,..,con fined, or "semi- confined aquifer.
Ground-water '"flow in_ the vicinity of. the site is generally
toward :North._.Ruri Cre_ek, although flow "is" diverted. so.uthv;arn,
across -Parham Road, in^the area of standing surface water
southeast: of . the site, .(P.lat%$ . 4_. .and 5) . Ground-water
gradients" across. .the Vi_rgi.n.ia... Wooji.^Preserying Corporation
site averages 0 ..01":£~t"/~ft-in the we.at,her.§;d; _granite aquifer.
In the .shallow per.ehed .water table, ~ ground-water gradients
ar_e.-"nighly variable, and sensitive to precipitation
intensity." Based. ..on a ;ground-v7ate"r .fJ_Qw jnodel of the area,
discharge oif.y.grojjnd water7"thrpug"h" the site_on January 3D,
198..6".i.-7as::Es;timate-d to._.be 135, gallons per day.

So.il an~G grcjund-water ove.r "much; of the site , and in
some- ar_eas-Of f-sit.e", has :been^ contaminated through .seepage
of proce-ss-_liguic3̂ .. (Figur_es^S___ana _1_OT. _ /Ct; present , sources _
of. .contamination. inclui3e . the coverlet, hglding lagoon (Plate
2), and. .non-a-queous phase_. liquids derived froiri process
formulations that .have .accumulated- in the. shallow perched
water -table,- ( Figiir'C-7 ) . The non-aqueous phase liquids
provide a .continued, sourcie- of., aqueous, .contaminants to -the
ground-water system, through dissolution. Surface run-off
has infiltrated "into drainageVareas , thereby contaminating
soils. " "'-'•• ~-"~ -.\ :. ••':'. = . .... ; . . . : .

Total estimated. v.Ql'ume of contaminated soils is abo'ut . .
500,i33a--c-ubic .feet '(P.late .7) . "The area of .contaminated
ground water has extended beyond the. site boundaries (Figure
10. )_.._. Non-aqueous phase liquids . .appear to__be immobile at
this, "time, "and corffined to an area of approximately 134, 00̂ )
square. feet on ..the site". ".-With existing data, total .volumes
of .light imrnisc'ible liquids can .only be approximated, v/ith

BEXXETTc- WILLIAMS, -L\7C
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the probable range _esi..timated''to be between_ 4 ,_00C5 and
gallons. ~ ̂ ' • " "̂ '"" .'•"'*' ~'\ ~" ̂  ~7 ~~~̂ ~̂̂ ~-~̂ -:̂

/£

Remedial methods "for clean-up of the site are ^
recommended ..(Plate 8) . Essential .elements include
excavation and"disposal' of contaminated soils, and hydraulic t
isolation of the surface-and subsurface. :Natural and
enhanced degradation of- contaminants should be evaluated,
particularly fof "off-site...treatment,._ where it may be more
efficient than hydraulic recovery. Monitoring of water ....
quality, in existing and. .additional monitoring wells should
be continued, ~ ~ r~~::. _ ~ :=;~ " "_~zl"_~:~:~:;r~"-- :

BEXNETTc-WILLIAMS. L\C



PRELIMINARY INVESTIGATION OF HYDRO.GEOLOGICAL CONDITIONS, AND

SOIL AND .GRQU.ND-WATER CONTAMINATION, AT THE VIRGINIA WOOD

PRESERVING. "CORPORATION SITE, RICHMOND, VIRGINIA

INTRODUCTION

The Virginia Wood-preserving Corporation site, a

division of Rentokil, Inc., is in Richmond, Virginia, 1000

feet, north, of Par ham" Road, and 2.4 miles west of- Interstate

95. The property consists .of approximately 10 acres used to

treat.and temporarily store, lumber._ The location of the

site, is shown in Figure,1*""" ^ topographies-contour map of . .

the study "area" is sliowh""in Plate,-1.

Previous investigations at the Virginia Wood Preserving

Corporation"" s'ife rTev'eaTScT -GphtaminatlorTo~f soi 1 and ground

water -by creosote, pentachlbrophenol, and CCA wood

preserving formulatipns.. , It appears that, this contamination'

occurred-by seepage,of process liquids.and waste.

At the request of Re.ntokil, Inc., a detailed subsurface

investigation of- the Virginia._Wo.o_d_ Preserving Corporation

site has been conducted.: ..'Fiel.d'-work"-began in August, 19S5,

and was completed in January, 1986. The goal of -this program

was to obtain sufficient bas,;ic-data to .characterize the

ground-water system and 'contaminant distribution. These

data.are used toidevelop systematic and comprehensive

approach_to.-clean-up operations.

,
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Fig. 1 - Location of Virginia Wood...Preservers site.
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SCOPE OF WORK

During this investigation, consideration has been given

to. the. available g.eological_ and hydrpgeplo<g.ical information

relating to the site. This body.of_ information includes:

reports summarizing previous investigations by Environmental

Laboratories, Inc. and Dvorak Geotechnical Services, Inc.;

published Ba"ta~ gathered by the Virginia Division of Mineral

Resources;-publisHed soils' maps _an3 descriptions of the area

from the USDA Soil Conservation Service*; and aerial

photographs^ and stereq^pairs from" the Virginia Department .of

Transportation. ^

• Five monitoring wells and nine" borings were .drilled 'at

the site, during previo'us investigations. .The five

monitoring wells .are wells-:,l, 2, 3, 4 and 5, and the nine

borings are.'B2, B13, BIS, B21, P, Q, R, V, and Y. . These

wells and borings are. shown on the "site .location map (Plate ,

2). The descriptions of soil materials-are reprinted from

previo.us. reports by Dvorak Geotechnical Services, Inc., in

Appendix 1. The, well .construction details for the

monitoring wells-installed previously have been reviewed, to . -

determine possible, cross-connections, and to evaluate.., „.

poss.ible--interia_ction.s b^tw^en ̂ the cons'trux^tion materials

used and the. contaminants present.

Available .well ..construction details and results of .

water.quality"analyses for each-of. the existing deep water

supply wells_.rpn-"site,_ d'esignated-as D_l. and. D2 on Plate 2,

have.beeji reviewed -regarding the_ potential for .,cross-

BEXXETTc- WILLIAMS, INC.
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arvcl_..sur-£-e,ce. ileakage along the well casing.

Recommendations are made, for "preventing any. .further cross---

contamination and evaluating any potential, impact for.

contamination of the deep confined granite aquifer.

Drainage in .and around the site .has been studied, and a

surface run-off management plan which y.ill prevent ...

potentially corrtarffinaterd surface water .from leaving the site

has been recommended . ^Characteristics . of :r:the run-off

management plan, which can be tied into various remedial

action plans, have been noted...

Locations for 14 additional monitoring wells and "14 "

additional borings installed during this investigation are .

shown on "Plate. .2. Five, ofl-the "monitor ing _wel Is were

screened above. .the weathered- granite," adjacent to monitoring

wells ,s-creened above unweathered bedrock, to= determine the

hydraulic .relationships between the .weathered granite and

the overlying regressive fluvial sediments . Eleven of the

shallow borings were screened to., gain additional., information

on ground-water— f. low within .the _s.hal.i_ow. pe"rched water

aquifer. - Construction information" on the /monitor ing wells .

is summarized in Table 1- A boring log, including the

geologists description and construction details, of all

borings and monitoring weLls, is presented in Appendix 1.

The. monitoxing wells and borings installed during this

investigation were .drilled by the hollow-stem auger, method, "

with split-spoon and She 1 by tube- samples taken as directed ~_

by the Project Geologist . __ All materials, were steam-cleaned ..

prior to each use, and .samples of cofideins"e"d steam on steam-

BENNETTc- W l A .
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TABLE -1 (contd.)

Boring Type "Riser/Screen Top Upper Bentonite Pellets Bottot Upper tentonite Pellets Top lower Bentonite Pellets
6f.ii2fl 2' stainless steel 20B.O 205.0
BhWfl 2* stainless steel 204.9 205.9
6MH8 2' stainless steel 204.0 203.3 199.4
fiHW 2' stainless steel 200.7 199.9

SKW9A 2' stainless steel 207.5 204.5
6KH10 2' stainless steel 199.2 17B.2 190.2
BHBlOfl 2' stainless steel 209.9 207.B
6MM 21 stainless steel 202.0 " " 196.3 " 191.3
BITCH A 2* stainless steel 209.4 ; ...... 20B..9
6H812 2' stainless steel 198.3 " "194.8 IBS.6
6tWI3 2" stainless steel 190.9 189.7
6HS14 2* stainless steel 200.7 193.8 - 190,9

•
Boring Bottoi Lower Bentonite Pellets Screen Slot Top Screen Bottoi Screen
BKSZfi _ 2.0 slot. . "_.2C5.0 201.0

20 slot 204.8 202.5
198.5 20 slot 203.3 199.5
- "20 slot "" 199.9 193.3

--. " 20 slot 2C>4.5 200.5
6HH10 188.0 "' 20 slot . 197.2 J90.2
Gffllio* - 20 slot 2C5.4 203.4
BHW11 189.7 20 slot 196.3 192.8

' 20 slot 199.0 197.0
187.B 20 slot 197.0 191,4

•-• 20 slot 194.8 188.B
1B9.7 20 slot 198.B 190.9



cleaned augers,...ajxd_.:w;e;3JL.c_as.ings were collected at regular

intervals .for.-quality control.. When all drilling, sampling)

casing and screen installation procedures :we"re complete, all

wells were developed by pumping or bailing.

Undisturbed, Shelby tube, samples of.. representative

subsurface materials were taken during the drilling

operations. Samples were- submitted .for laboratory analyses

of permeability, grain si.ze.. -distribution, and specific

gravity of. the sediments,. ._These analyses were, conducted by

the-'aoils laboratory of Dunbar Geotechnical Engineers of

Columbus/ Ohio- -Twenty-one additional split.: spoon samples

wer,eu-_:teste.d .for Atterburg Limits (ASTM D423, D424), and

grain size, distribution, (ASTM D422). by_ Dvorak Geotechnical

Services,"TrrcT," o;f Richmond, Virginia. Results .of the soils

laboratory a'nalyses .are; shown in_ Table._3 and Appendix 2.

SurfaceVso'il samples were collected, at 13 si-tes, from

depths "Of two ;i^nches__tp: two ._f e_et-,_ _to- supplement soil samples

colle"cted-fr.om the borings and .monitoring wells. -Sixty-six. .

soil samples wer-_e""selected".by the Project Geologist for

analysis .of "total—recoverable phenols.

UponT" completion of: drilling. "anQ._deyelpping the

monitoring wells, each of the wells was evacuated, a minimum

of five times, until pK and; specific_ conductance stabilized,

and then water samples-we re -collected ;__...L.The sampling was

performed, by _Enyironmental_ Laboratories , Inc. "Water

samp;l_ing .wa.syiper-formed utilizing a teflon bailer or ..

peristaltic pump. All samples_Kwe_.r_e collected ,in_ accordance.

with standard field proCe.dur.es, preserved/ refrigerated, and

9



transported,-to.,.the laboratory "withTn eight hours after-

collection. -A llst^ of .chemical parameters analyzed is shown

in Table: 2. Comprehehsive"~ahaTys~es "of.".phenolic..and

polyhuclear" ar'pma'tic hydrocarbon compounds, which would have

allowed "evaluation of the contaminants and natural ..

degradation of the contaminants, were not, completed because

of-apparent instrumental..f'ailure. ~"In-si~tu measurement of ...

pH, specific.-conductance, dissolved oxygen, and temperature

was completed at each monitoring well. These parameters are

subject to change within the time to transport the samples

to-the "laboratory. In the case of dissolved oxygen,

significant .changes in :the:~concentrations may take place

even during ..the sampling process. ~

Ground water.and" soil contamination contour maps have

been prepared*.— -These.- maps, in cb.rî un'ctioh with the ground-

water flow. modeL," have been used . to" "estimate the- potential

for Emigration of th'e'.colritamrnants .off-site.,

In-situ permeability tests were-conducted on monitoring

wells 2, 3, 3"A, "5, and 10..". Thes"e tests were completed using

a -low dischar"cf¥ "peristaltic .pump. _. Drawdowns and recoveries

were .measured for. .each" 'well-, and. periffeabili'ty .of the

screened zone was determined 'from graphical analysis o,f -time

of pumping versus _norma'lized- head -differential. Results are.

shown in Table ,4. " -= "^ "" " "~^•=---

An earth resistivity survey was attempted in and around

the study.area. Because of., interference .by electrical

lines, railways, roads,! sewers, and the: presence of -standing

water, in areas--ajro_und ' the site, it -was not possible-to.

10 .
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Table 2 - Chemical parameters measured in soil and ground-water
samples during_this investigation.

Parameters _ . _ _ . .

Total alkalinity
Total Kjeldahl nitrogen
Nitrate . . . ...
Sulfate = - . =-•:" -
Total dissolved solids (TDS)
Chloride . .._""_ . . . . _ _ . ,
Methylene blue, active substances (MBAS)
Magnesium
Iron " "
Sodium
Potassium
Carbonate .alkalinity
Nitrite . :
Copper . . .- "'" - -- "
Chromium
Arsenic . _ . . . . .
Total phenols ... . :
Chemical oxygen "demand"'""
Total organic carbon
Pentachlorophenol
Creosote., "... ...,- ,.,.- ,
Temperature - '.
pH
Conductivity
Dissolved oxygen

11
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a_suf£i,cxent number of resistivity' stations to ... .'•••
'f-'provide..meaningful data, on the stratigraphy or extent of. "-.

contamination. • : . : ' . . . * . . : ...

Geologic cross-sections from previous investigations,

as well as soil data front borings and monitoring wells

installed during this investigation, are used to develop the

stratigraphic framework, of the sate.'. A fracture trace

analysis of bedrock _of th~e~̂ s"it~"e was used to. identify any

fractures in the underlying bedrock.

The geologic rand hydrogeologic...data collected during

this investigation were: used to develop a .three-dimensional

ground-water flow model:. . The model is used to evaluate

potential -vertical and. horizo.nta.l ...f low...paths in the

subsurfa-ceJmat'erials, and determine""the possible lateral

extent of" the contaminant plume. ' It will .also provide the

basis, .for evaluating which."..of the suggested remedial

measures will allow the.most timely and cost.efficient

recovery o_f ..contsaminated..-_gr.Q..u_nd water. In specific, the

model" is used to: .,(1) investigate., the ..hydraulic relationship

between the weathered..granite .and the overlying regressive

fluvial sediments, and the effec_t.__6f..the har.dpan, or semi-

confining lay:er..,̂ 6"n"groun"d--water £Xow and contaminant

migration from" the .shallow perched water", table to -the

underlying semi-confined aquifer; (2) determine the

hydraulic..relationship between both the/shallow perched

water.table and the.underlying semi-confined layer, with the

stream north of-the site "and the,,ponded., areas east, and

southeast of-th.e. .site; -and (3) provide, a method for

12
BENN£TT c- WILLIAMS, LNC.

fl'R 100288



»A

comparing "the expediency and efficiency of alternate . '•;''/!

remedial action p"lans, to determine the most beneficial and

cost-efficient "ma"na"g"e"ment~~pla"n for ."the ..site.

1 3 - . : . . - - - - - - - - - ' • - - • •
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SITE HISTORY {Page"

Pleas.e_.note that additional, his. torical -information about. .the site has beer-
uncovered s:Lnce..tiLls-̂ repoTt"~was "reldr'af ted.

The most significant*' change, cdticerlis the '-Eloŵ dQWfi Sump" referred to on
Page. "14, paragraph "1. An_ early drawing" shows, that _t;he spmp was in fact one
section, of "concrete.,'sewer conduit,' buried with_its axis vertical, and its
upper end • leMeJL. with, the grade. This sjimp _was_iii_stallad. adjacent , to the
first treating cyllniier .' " ----- : -" ------- -

The sump was'̂ a ""simple o;il/ water "separator". The "lower "water phase was
withdrawn1 by a pipe 'let . into" /trie., conduit -at- a low level, and carried...to the
early pond (on the _site of, "the current concrete, pond) .

As our understanding" "o£.=histo.r±cal.|. detail does change with time, we
reco-rdmend that -reajie'rŝ dh&ck .with Rentqkil, Inc. befbr_e making' decisions
based on 'previous^iswnts'. ""t".". '"77-"""." :. .^,"-- ",.-:....-,......= -.. .,..---

Protectinsi #M Hhforfti fefoUOver Half A Century



Li SITE HI-STORY . .".. .

****.
Construction work on the Virginia Wood Preserving

Corporation site began in June, 1956." .The plant initially

treated highway fence posts and building poles with CZA (a

formulation consisting of oxides of chromium, zinc, and

arsenic), and a water repellent containing mineral spirits

and pentachloropheriol.. .At that time, one treatment cylinder

was used, and pollution control consisted:.of a blow-down

sump .with a trap for waste, water discharge. V7ood-,lined open

trenches collected spille.d liquid from'the cylinder and

routed the liquid into :the blow-down, trench. Oil was.

recovered periodically 'from the blow-down sump. The.

location of the blow-..ddwn sump." was approximately where the

concrete... holding pond is at present ( see: figure- 2) . The

depth of ..ex-caya;tion of_^the b_l_p_w-.down .sump is not known.

Based .on "the materials .,encountered in a boring near the

concrete holding pond (boring CS, shown oh Plate 2), it

appears tha.t the ..original excavation probably penetrated to. _

at ..Least 4.2 "feet, and was subsequently filled ""to present

grade. -r-Approximately 3.1 ,_f ee't. of." contaminated .clay",'

probably covered after. :the removal.of the..blow-down sump,

was found in boring CS*- - - ' -:;. ,_ _•" -.."=" r

In~19.59, vapor drying. o_f oak.decking was initiated .. ,

using xy.lene. yapor, 'and the cooling pond,'shown in Figure 2,

was installed. " A-f ter-vapor-drying:, the lumber was treated. .

with pentach"lorophenol JLn a solution of ..mineral spirits.

The. blow-down sump was removed, arid."replaced with the

14 - -
- \ULLIAMS. INC,



concrete^holding pond used for separation and evaporation of

waste water... The concrete holding pond was linked through

an underground pipe to .a ho-lding Lagpbh. This lagoon Is no•.-

longer .used, and is referred-to as the covered holding

lagoon shown^on Figure 2. The lagoon was unlined, and based

on aerial photographs taken in 1965 and 1.969, overflow of

the lagoon occurred. ..The depth of the Lagoon is not known,

however it is .LikeLy that "the bottom elevation is within the

hardpan layer forming the bottom portion of the regressive

fluvial sediments. '"^ " " .

In 1964, a second treatment cylinder to. be used for. ..

creosote, and a creosote-wate'r separator, were installed. A
* ' . . . . ;

fire retardant, consisting of. ammdhiuitf" ̂hosphkte and

sulphate salts, jrfas_;usea"betwe_en.7L965-;-:anc3_^1977 . In 1966,

the....use o.f CZA was discontinued, and CCA (a formulation

consisting of oxides of ..copper, chromium, and arsenic) was

used. The. use of xylene was also discontinued.

In 19j6S, a "dry-kiln was "installed for .treatment of

decking. " A new._s_yst"em/ : eliminating the" need for discharge

into the covered holding lagpon", was "ins'talled. in 1974. New

oiL/water .-separators were, .installed, along with a spray

evaporator in the.concrete.holding pond to evaporate.waste

water. In 1977, treatment with fire retardants was

discontinued. "A "third creosote cylinder and second dry kiln

were ..inst.aLl.ed ".in 1979...: . ". -" " '•" " "~ __ _.;. '

In _1981, the' use of "bentachlorophenol was discontinued,

and-in November, 1981, "the.use of creosote was discontinued

and the_..eoo.ling pond, was f illecT'in. At" present, only the

15 :, / " ^ " ^ "'
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CCA formulation is used for treatment at the site.
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GEOLOGlCZilT: DESCRIPTION OF .THE SITE

The site:.-is -within the, Piedmont. physiographic province,

near the Fall Zone, :whifch T.S a" boundary separating the

Piedmont from Coastal "Plain" sediments ."." Topography in the..

area is mature, characterized by gently rolling terrain.

The site ..is on̂ a nearly' level upland flat, sloping gently to

the. north. " Maximum 'elevation is 213.5 feet above mean sea

level. "(airisT) in the southwestern corner of the site.

Surface drainage i_s to. the. north and northeast, across the. .

property, towards. -North Run Cree'k. Minimum elevation is

207 . 6L_"f_eet 'Xamsl) in the northeast corner of the site. A

topographicjrc.dnto.ur "mad^'of the study area ..is... shown in Plate

1. Stratigraphic crossrrse:ctions'..are sJhpwo. JLn . Appendix 4.

Cross.^section traverses; are" shown on the. site location map

(Plate 2).T ; . . , .. , ." ,_r ... ,,,_.,,_. ......... r,.. . . . . .

Bedro.ckL_.beneath the site- .is "the Upper Paleozoic...

Petersburg Granite. .:Un>je.athererd/ .this bedrocl; is a coarse-

grained, porphyri.tic . gra_nite with _ abundant feldspar,

inuscovlte, and biotite,:. .The unit^isi.exppsed approxinately

6000 .feet .east ,of".."the. s:ite, and a small exposure in a..

railroad... Cut .occurs7"approximat.eLy"^9aOO feet, north of the

site. . The .'gra'di-ent "oh the" surface. ofl,.the granite slopes

gently to--th.ê east, ..at.,, approximately "SO ., ft/_nile, toward the

Atlantic^ Ocean. Figure "3 .shov/s" bedrock .elevations at the

site. :--Depth to.,b_edroc.X for .this. ..investigation is defined as

auger refusal., -- Because, of, the. :..uneven ..vfeathering o"f tlie .

IS .,. " .
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Petersburg Granite, the regional sLope of the unit is not „
... . . . . . . . . . . . _ . . .- .. .. ''*'

readily apparent .from figure 3. ..: __~- . i. .;;".

Joints in the Petersburg granite-tend to have either a TJ
very steep .dip.,, or arê hpr.izontal", and trend in a northerly

or easterly direction. A fracture trend analysis of the site

has revealed no surface expression of joints. The deep

water supply wells pn-s~ite are probably drilled into

fracture systems.which provide a source of ground water .

through interconnected... joints.. D.eep...water well No. 1

(designated as" pi on Plate 2) was drilled to a depth of

425.6 -feet, and deep water .well No. 2 (:D2) was drill.ed--to .

244.6 feet. . . . . . .

Weathering of", the bedrock unit has produced a

disintegrated granite, that consists" of. Light .gray and white,

poorly-sorted, fine to .coarse-grained sand with 15 to 35%

silt, and 1.5—to.- 40%. clay. .=In some areas. :a granite residium

with 60%L_or~more -fine to coarse: sand has developed. Iron

staining is•common, impaf-__.ng La red coloration to the

weathered -granite/ ".".Weathering has .destroyed much of the

original rock, texture and s-tr.ucture. ..-, L

Table-3 summarizes" iSbor.atoVy tests: of. engineering

properties conducted on the soil samples.- The majority of". .

the samples pf_weather_ecl granite^w.er,e__c._lassified as TIL and

CL type soils .according to the .Un.ifi.ed̂ "SO,il Classification

System. One sample .was "Classified. as.CH, and two other

samples, were", classified ..as. SC.." ...The plasticity index varies

from non-plastic -to 301, and the. liquid limit varies from 20

20 . ".

A ft I Q 0 ̂ f̂:ETT ̂ WILLIAMS. INC



o 0en 0

**•

to

io

in

(SJ

06
in

< ; . ; ! : IMJMI^;^ Ml!
O; • - -
0>-o.:to:

1 : 1 : 1 : 1 : 1 : 1

CO

in

(M

. -̂ ^̂-•-'•~~

trT o

to : o
en :

tsi

o: '-: ocsi: O-: •: m.: __-_:
in < i- OI:--
1 i 1 I Io o o O;in

-,-*̂-. *-̂  ._•:• *to v cn.csj

. <:̂ T: Tr-;in;in__. _.
-tf- >• •>•>•>• >:>:C:C: C'C: ;oo:

. " -:̂ :, " - i : • " - 1 , . - - : . : ; . . - - « : » - . . , -
o < Oir> o.in*-OO ci__ to to
co: 10: ;O:co:Z:K>:co:tO:2!:;-<r:Oi*si:r-.: :«o;tsi; ;.KJ;_is*;JQ,u _: ̂ :*o

o - o . co : — (O to : .cr> : co : c? :

: ro : to : to :in

-r-

o :

L : 1 : 1 : f : -F: <si: i ; t : i : j^ : t : l : I : (iniiiiiAi
CO: »O;
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to 50%. . The void .ratio Is ihetweeri 45 and 50%, and the
L *•?

specific gravity _of.__the .jriaterial,, varies, .from 2.6 to 2..7. •̂'•

The weather ed"-gr"a"h_i~te is overlain unconformably .by

regressive -fluvial sediments . _ These .sediments consist

mainly of " reworked granite xesidium and disintegrated

granite, that traveled- Only a short distance before being

redeposited. These sediments are. yellowish-brown to

reddish-brown fine to coarse sand a'hd clay, often mottled

with iron oxide, showing no. discernable depositional

structure-.--.:-The fine to-..;coarse sand fraction varies from .30

to 40%, the" .silt fraction varies from "20 to 25%, and the -

clay fraction varies from 35 to.. 45%. Weathering has

produced t.hln:....._sand seams; (SM type spil_s]__i.n .some areas

within the-_,unit, with orientations varying from horizontal.

to vertical. _ The .regressive, fluvial sediments are also ML

and CL ̂ type soils, according" to the" Unified Soil ..

Classification System. The plasitlcity" index ranges from

non-plastic to: 10%, and theTliquid.. limit "ranges, from 15 to ,.

20%.-.= -=^--.--.- . - . .- - ..̂... -_ .: - ...- , -- -- -

At the top of "the regressive, unit , a friable clayey

sand," or in some areas a hardpan consisting of loosely

cemented sand, has" developed. = The development o.f the

hardpan a'ppears". to coincide with the presence, of the Colfax

fine :san.dy "loam unit shown" on the "soil s map (Figure 4).

This :hardpan grades- "Laterally into a hard, friable, clayey.

sand in areas where the Pouncey sandy . loam .and the

Kempsville very fine sandy loam are present. The. hardpan or

friable, clayey s"a~r!cr~i'ayer restricts" vertical ground-Water

BENNE.TT.c- WILLIAMS, INC
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movem.en.£._ over 'much of the area, causing a1 shallow perched
. .water table, within the regressive fluvial, sediments. in

some areas the hardpan'"layer1.is ""dry, ""everî 'though overlain by

several feet.of .saturated^sedimentV "Plate 3 shows the

elevation of the top. of ,th.e hardpan, or. friable clayey sand

unit. -The positions of the soil units coinciding with the

relative development of cementation within the layer are

shown in Figure/4. In :some areas on-site, specifically the

covered holding lagoon 'and the concrete .holding pond shown

on Figure. .2, the. friable, clayey sand lias" probably been

penetrated ,.b.y excavation. __Als.o, in the areas .where standing

water. i.s present, shown on Plate. 2, and near North Run

Creek, ""the friable ..clayey .sand is ..either̂  poorly developed 6t

absent. The occurrence; or. absence...of the. .hardpan, or "

friable clayey sand unit/, controls the....hydraulic

relationship between the "shallow perched water table and the

weathered granite aquifer.""

The. har.dp'an "and friable, "clayey "sand layer is classified

as SM and. ML type":_soil according the the...Unified Soil

Classification System. : The plasticity .index ranges from . .

non-plastic-to 10%, and' the liquid limit ranges from 30 to

40%. . ...... .._._.__. _„.,;,-.. .. ,„...,___._ __^1__ ..,_.._.:... . , . .

Soils which have developed'on the. regressive fluvial "

sediments .are. identified in "F'igure-4 (modified from Clay,

19-75). . The Col'fax fine sandy loam (CoB.) .is a poorly drained

soil on level to gentle! "slopes. "̂This" soil, and ' the other

soils, .present, are characterize^..by a 0.5 to 4.5 foot- sandy

clay underlain by a™ clayey sand." .The ""Col fa'x fine sandy "clay

2-3-=—- -_ - ..
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loam .is. dis.tinguishea by the low amonnV.of. runoff, and the

presence of :.a hardpan, exhibiting cementation, at the base -

of the soil.profile. The.Pouncy soil, as identified by the

Soil Conservation Sefvi.ce,7 is a" rpd&riy; drained Colfax series

soil with a clay s'ubstratum "that "varies from friable to very

loosely cemented.. The Kempsville .fine sandy loam is a well-

drained soil on gentle to:steep slopes. Runoff is medium,

and .a friable clayey sand layer is present.

24
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HYDROD.EDLOGY .OF,THE SITE
" " " " "" " W'MiL.

•7̂.

The Petersburg " granite is ,.a._highly fractured, confined,
i

aquifer.. Deep wells on-site, shown as Dl and D2 on Plate 2,

were drilled to /depths bf 425.6 and .244.6. feet/

respectively. __ Fracture trends within .the unit tend to be

either _v_ery s"teiep"7o;r";hprizonta;l ,_ihe_ref pre it_is. quite

likely that the wells produce from the same fracture system.

Because of probable interconnection with the shallow

weathered granite-aquifer, caused by leakage around the well . ."

casing, static water l.eyels recorded in wells Dl and D2 are . .

suspect... _ .On_ April-.2-6-, 1985, static water level was 5..1 feet.

below the surface (206.5 feet amsl) in D2, and 7.42 feet .

below .the lu'rf ace ( 205 .8.-feet amsl} "in Dl. The. water level

in Dl was at "least 150 feet below' the surface after, pumping

at .7 _gpm_"for approximately 136 hPurs , :and the water., level in

D2. was on"ly"34"i5 fe.et below, the surface .after..being pumped

at the same rate .for . 112 hours. This may indicate that "the..

deep welLs are^-screened; in.. .fra_ct.ure~. zones of variable.

frequency and interconnection. It co.uLd also.be caused, by a

casing leak, however, "allowing cross-connection with the

weathered granite aquifer in well D2. Casing leakage may be.., ....

the cause 'of ...shallow s"tatic"wafe"r "levels in Dl as well.

Shallow wa'ter"bearing units at the site consist of a

four to'teh. f.oo.t layer-of the regressive fluvial clayey

sands unconformably underlain by severely weathered granite... .... .

At the base, of.the regressive fluvial sediments, a friable

clayey" sand or. hardpan is-present, UporT'wh'i.ch a shallow

26 ." .". '-"""
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perched water table-develops. The weathered granite has~a

lower permeability""T:han ..the .overlying regressive fluvial.

sediments, and is" semi-4conf ined "by the hardpan.

The hardpanT" _6r"f_riable clayey sand" equivalent, . at the

base of "the regressive fluvial sediments, exerts a dominant..

influence on ground-water flow in the uncbnsolidated

sediments overlying the granite._.. The hydraulic, relationship

between the shallow perched water table and the semi-

confined weathered- granite aquifer depends 6n the

permeability and thickness .of . the. hardpan or friable ..clayey

sand. The permeablility and thickness^of- this unit vary

considerably across "the site, and are 'related to the.-soil " .".

types ..shown_pn Figure- 4« , I.In areas pi-.-"the,. Colfax fine sandy

loam, a _very hard, cemented-hardpan "from 1,5 to 7.5 feet

thick .restricts vertical .ground-water movement. Borings

that penetrated to the weathered granite.aquifer .In these

areas encountered saturated sediments above ..the hardpan, anrl

confined conditions below -the -hardpanr however, the hardpan

sediments were .dry. The friable clayey sand associated with.

the" Pouncey saffdy" loam "and the "Kempsville,..very fine sandy

loam is typically weakly-"Cemente"3.,"""and borings penetrating

into -this unit encountered- moist to_dry conditions. Near

North Run Creek, and within "the areas containing standing

surface-water, saturated conditions were encountered .in this.

unit, indicating - that vertical percolation ._does occur.

However, the .permeability of the hardpan in these areas is

much lower than~the sediments above and below, so that. .. ..

2-7 .
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piez.omet.ric levels. aJsQve/ .anjd.,-b̂ l_Q1VL̂ a.̂ '-.̂ "̂̂ Ja;?r9.9",ne,9'':eĉ ' but

not .necessarily equal, ,......._...._. .,._.„..." . _.._

The weathered, granite^aquif er. underlying the hardpan or , :
5

friable. -cXayey sand unit..provides ground water for Local .. ..

shallow water wells in the area. Depth to the unit varies

-from 4.5 to 14.0 feet below the ground surface/ and the

thickness varies from 3E. 6 to 30~.0 feet. Based on laboratory

and in-situ permeability tests , and thicknesses .encountered . _. .

in wells and borings, transmissiviti.es-.within the unit vary

from 2.. to 12 gpd/.ft__(0._00.3 ,to CI.J32. cm_2/sec) . The

tra.nsmissivlty data is normally" distributed (Kolmogorov-

Smirno.v statistic. .==-0. 2131; significance : = , 0 .197) , and based .„

on a Student1 s_t- test, can be approx.lm.ated - by a mean value

of .9.2 gpd/ft (0.013 cm2/sec) with a standard deviation of -

4.5 gpd^/ft, "-(O . Ol365.:-cm2.-/_se.c) . .Tab!e_ 4 .shows, values obtained..

by laboratory and in-situ .permeability tests.

Plate 4 shows a. potentiometric ̂ s-urface. contour map .

constructed..from piezbm'etric.-levels measured on. January 30,

19.86, in 'monitoring wells."screened v;ithin;"the weathered

granite . PxeLZprvetri.c .levels ....within ..t)ve_̂ aquif er are

generally above-^h.e_bottom, of th_ev overlying hardpan or.

friable...clayey sand layer, indicating confined conditions.

Ground wster-^flbws north a,nd northwest. _acr9ss the site at

gradients ̂varying, from ,0V003 to. ..0̂0,07 ̂ t/ft, with gradients

increasing to.. 0 ..01. ft/ ft. near. North Run Creek.' A ground-

water .-divi.de-~-trends alon'g.. Parham Road south^ of the site. . _.

North of this _div,it3.e,._cjro~und water _f lows across the site and

into-North Run Creak-, and south..of the.ldi.vide,. gro.und water
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Table.4 - Values of hydraulic .conductivity, and transmissivity, measure"!
by in-situ well .tests, and laboratory analysis on undisturbed
soil samples.

Well/Screened interval (depth ft)

_ Ĵ W2f?-18d .
GMW3/I5-20.4
GMW3A/M9-25.7
GMW5/4. 6-7.1

CMW10/11.6-18..6
L
9 Well no./depth(ft)

GMW3A/4.5-5.5
GMW10/16.0-16.7
GMW13/12.0-M.O
CMWH/16.0-17.H

In-situ hydraulic conductivity
, „ 9pd/sq ft

... ., ,«. ... - 1.1.7. .„ ..41 .
* •- - " °-52

. .5.90
0.8.8 ....... ..... ....

- 0.63
_̂ ,,... „- ,..,., ._...- .

...Labratory hydraulic conductivity
gpd/sq ft
d.J7

, .0.02
. .......__ _ . ..0.2.3= .+<.. ., .,. .....

- . . . . 0.07

In-situ transmissivtty
gpd/fl
11.90
6.40 . . .
.16.30 -
.8.82 .
7.90

._._ — -,_ ,. ...—

. . _
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flows "southward" €ow.ard~ "another" tributary of ".North Run Creek.

The. ground-wate.r,..diyid.e.-..d.e.y.iateŝ rp.m . Parham _Road in. the

area .of standing water southeast of the" site. In this, area,

the friable:,Clayey sand unit "is saturated! "and has "a higher

permeability than the majority of the restrictive, unit.

This has resulted in ground-water,-discharge at the ground

surface, and the standing water is apparently an expression

of the piezometric.levels within the weathered granite. .-A

similar condition occurs north of the site near North Run

Creek, resulting in grqund_-wat_er..discharge to the stream.

The.potentiometrie surfacelofthe"shallow perched water

table .in the sediments:;Qverlying the weathered granite

aquifer.JLs_. .extremely" sensitive, tq^ recharge . through

infiltration." The. depth of "the water table varies from 0.0

to- 4 . 6 feet below. "tKe" Surface," "and" saturated thickness . . . - . -

varies from 0".0." tb-V.T. 4 "fe.e:L.. - ".The" hydraulic., conductivity of

the, unit, basenl on laboratory arid, ih-siftu. .permeability

tests, varies from 0.2:to..2..0 gpd/ft2 (9.4xlO~6 to 9.4xl9~5

cm/sec), and .averages :-L. 3,-.gpd/ft, ̂ . (."6.1x10"̂  cm/sec) . These ...

values correspond" with infiltration "rates- for the soils

present, report.ed~by Clark, 19-75.

Plate. 5 s.ho.v.s._ a potentiometrlc:. surface contour _map

constructed -from water ..levels measured ...on January 3D, 198G,

in monitoring wells and screened borings, screened above the

bottom of the regressive fl.uvial -sediments . Ground-water

flows north and northwest across the site, except in areas

within the.,standing water-- environs, where, mounding in the

shallow, perched .water table :.caus.e"s' flow, "directions to ... ....
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deviate to --the. .east and west.- Ground-water~"gradients vary

from 0.003_to. 0.02. _f t/f t;, "and av.er'age .0 ."01 ft/ft . A ground-

water divide "is "evident south of "the. site, trending along

Parham Road. Ground-water mounding in the ; southeast portion

of the" study area causes ground wa'ter in the. shallow perched

water table to flow.- south across Parham Roa.d. Ground-water -

from the .shallow perched water table discharges into the

stream to the north of the site.

On January 30, 1986, "when the water levels use.d to

construct Plate .5 were, measured , the potentiometric surface

in the. shallow. -perche^T'water table was higher than the

potentiometric surface in the weathered .granite aquifer . in

the western portion of the study af;ea_ and aro-und the areas

O-f .standing water. This, area is designated as Zone A on

Plate 5. Zone B" represents the area where" the

potentiometric. ̂s:ur face. -i/i the shallow perched, water table

was lower, than the potentiometric- surface in the weathered

granite. The bqunSari.es; between ..Zone;. A. and Zone B, shown by

the heavy lines on" Plate _5,_ represent the ..intersection of.

equal .equipotential lines within .the shallow perched water.

table and the .weathered granite -aquifer .

In Zone.. A, the restriction of ..vertical gound-water

movement by the hardpan or friable-- clayey san'd causes .

ground-water "to flow horizontally" along the base of the

regressive fluvial-, sediments . - "Over the ".southern portion of

the-.Virginia Wood ^Preserving Corporation property, the.

regressive, .fluvial sedirrients were- unsaturated on January 30,

1986, resulting in' the "apparent: flattening " of flow gradients
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shown on Plate 5.. This condition has resulted from a

of recharge from .infiltration of rainwaters, and discharge ...

through the shallow "perched" water" table "is essentially zero.-' ..-

In the areas of standing water, shown on Plate 2, and

near North Run Creek, recharge and discharge of the

weathered granite aquifer occurs in response to the relative ....

positions of the potentiometric surface, elevations in the

two. aquifers. In these areas there is a .relative increase

in the permeability and decrease in the thickness, or the

absence, of- the friable -Clayey sand unit. Where these . - - .

conditions are present, vertical, ground-water movement is

not as restricted as in other_ .areas, where the hardpan or

friable clayey "sand unit is"well ...developed. When the

potentiometric-level in the shallow... perched water table .is

higher than that o.f the weathered granite, recharge of the

weathered granite occurs at a. rate, commensurate ,with the "

vertical conductivity of the. friable., clayey .sand_ unit. When

the potentiometric- surface in_ the shallow, .perched water

ta"ble is lower than that-of the weathereeL granite, the

weathered- granite aquifer discharges water upward Into the

shallow perched, water table. .;

Water levels measured in November-and December, 1985,

shown in Table 5, and field.observations of saturated

conditions during the installation o.f borings BS through NS

during^the f if st two" wee"ks of - November, indicate that the

elevation of the."shalldw perched water "table during this

period was higher than the elevation of the top of the :

hardp.a'n or friable,,clayey sa'nd.. This implies ..that when
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sufficient recharge of precipitation is available, ground-

water discharge .thro.iighoutr, the ..shallow perched water table

occurs, and the potentiometric surface- in the shallow

perched water table is_,greajter than the potentiometric

surface,in the weathered granite.

On January "30, 1986, the weathered .-granite aquifer was

apparently discharging ground-water into the shallow perched

water table within the Zone B area just west of the area of

standing water; southeast.of the site. This resulted in an

influx of. water into the: area of standing water, and a

corresponding decrease, in the potentiometric .surface-of the.

weathered, granite- aquifer. This condition also- resulted in

an influx- of waiter- into Vthe ."more permeable :,fluvial

regressive sediments, thereby creating the circular ground-

water mound surrounding the areas of standing water. ~
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Table -5 - Static water levels.measured In monitoring wells. Upper tabJe
is water levels within the weathered granite aquifer. Lower
table is water levela. in the shallow, perched water table
aquifer.

WELL NO.
1
2
3
4
5
6
7
8
Q
10
H
1Z
13
H

SURFACE ELEY.
208.8
208.0
209. 1
209.0
ZI3.5
212.0 .___.
zto.o
207,1
207.5
210M
202. 0
H09.1
207.8
2!3_.0

WATER LEVEL 11/Z1/65
206.4
203.9
205.5
205.3
207.4
210.5
207.5
207. t
205.8
205.6-
19Q.6
201.8
208,1

.206.1

WATER LEVEL 1/30/86.
zoc.o
204.0
,.205.?
204.3
207.0

. . ..209,8
207.8

. . - , 207 . I
.- 205.4

205.1
200.8
202.1

. , . 206,4 .
205,8

WELL/BQRWG
2A
3A
9A
IDA
HA
B
C
0
E
F
H
J
K
H
N

SURFACE ELEV.
208.0
209.1
207.5
210.4
202.0
210.4
210.2
207.8
208.0
207.5
209.7
205.5
213.1
206.2
209. 5

WATER LEVEL 1l/2t/854
205. 4
20(5.6 - "
206.6
208,1

- 201. 9

-

WAJERLEVE.L 1/30/86
Z04.9
205.3
204.3
209,1
197,7
206,1
205.9
Z03.5
203.7
204.0
205,4
.201,2
208.8
201.9
205,2
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THREE-DIMENSIONAL GROUND-WATER FLOW MODEL .

A ground-water flow; model of jthe study area was
,'

developed from jg.eplogic: and hydrqgeplogic .data obtained

during this investigation. .The .USGS modular three-

dimensional, finite-difference ground-water flow model

computer .program was used (McDonald, and _Harbaugh, 1984).

Calibration was acheived by selectively modifying hydraulic

coefficients and flow characteristics until the mo.del-

generated potentiometric-surface of the shallow perched

water- table. a~rid~ weathered granite aquifer approximated the

observed--levels measured;on "November 21, 19.85, and January

30, 1.986. ""Model boundaries and nodal designations are. shown

in Plate 6." ._..!...._".__.._..!__"_..._ .'. ___ "1 ' !.. ._ .

The-hydrogeolbgic.,-data "used to" develop;" the model, and

the model OUtput/is Shown in Appendix. 3, along with an

explanation" of ...the various data^matric.es u.s>d. The model

output, indicated that: aquifer boundaries,...as shown on Plates

4 and. 5, are correctly" located.:, it, appears that .ground

water, discharging..upward from the weathered granite

aquifer, is entering No.rth Run Cree_k, and. that .the weathered

granite .aquifer and the Shallow, perched water-table are ._. . .. .

hydraullcally contini:o"u_ŝ  in this, area-:

The.-ground-water flow model .indicates that discharge

through the".modeled_.area iris..approximately 520..gpd. Of this ,

discharge__through the. Virginia WQOd_Presery.ing Corporation

site is estimated-to .be 135 gpd. '"Volumetric budget error

for. the modfel. is 1.0.9 'gpd. - - -- - !

i.:;"

35 : ;-\...; = :.: . . ".:.
BENNETT c- WILLIAMS, IN

flR!003!2



Although c_alibration__was acheived. using water levels

measured .on November 21, 1985, and January 30, 198.6, the

model can be used.-to simulate various precipitation events, j
and corresponding water level fluctuations. In addition,

ground^water flow "directions, and gradients, induced by

alternate-pumping rates.and-pumping well orientations can be

simulated in an attempt to identify the most efficient, and

cost-effective system for recovering contaminated ground
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EVALUATION OF MONITORING V7ELL CONSTRUCTION

Construction of monitoring wells "1, 2, 3, 4, and 5,
>

installed during a previous investigation at the site, may

allow cross-contamination of ground water from the shallow

perched water table into the weathered-r gra.nite aquifer.

Construction of these wells involved hollow stem augering,

with augers that..were not .cleaned prior to -each use. Prior

to setting the PVC screen, and casing, augers were removed

from the boring, thereby allowing contaminated surface

sediments into the screened zone beLow. After setting the

screen and casing, the portion of the screened zone that had

not caved was packed -with pea gravel. Above this,

potentialLy_contam_i_nated: surface soils, mixed with dry

bentoriite-powder ,1:was placed to. within.a" few feet of the . .. _

surface. This backfill material probably does not have . .

sufficient consistency, or= -impermeability, to provide a good.

seal :.around the well casing". :-Becau.se."organic .compounds are ,

adsorbed. -. on the._PVC material's," and because of the slow

relea'se'of the contaminants -from the PVC, even if..

contaminant levels in the ..ground water around these wells .

were-.reduced to non-detectable levels, samples collected

ff6m""these=Wells may nevertheless.!show trace" organic- . .

contamination. ~" ~ - ~"~ . "

Because .of-the potential for,-cross-contamination, and

the limited- usefulness of these .wells in monitoring water

quality within .the subsurface formations, it..,is recommended

that .these, wells" be removed and properly plugged.
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Replaceinent;^w_ells^s_hould.:be. drilled' using appropriate . .

-drilli.ng~metho.ds a'nd materials. Wells 6 and 7, also.

constructed. o,f"--PVC""sc:r;eeri and casing, should- be developed

and sampled,;. If Organic . contaminants . are d.et.ected, then

these-.wells ..should."a'lso be removed, properly plugged, and

abandoned. " ~——— ~ ~

Stainless steel .screen and casing materials were used

in the wells installed during this investigation to avoid

the accumulation of organic compounds not representative of

ground-water^quality. The screen a_nd casing, and the

materials used to backfill", were..placed in -the boring at s.ix

inch intervals as the auger stem was raised. Sand pack

material was chosen oh ~the__basis of s6ree.n""size, and

consisted-of - filtered..silica" sand. A layer of expandable

bentonite. pellets.-was .placed directly above the sand pack,

and bentonite slurry was ; used, to. .backfill, to. the surface".

Because of the. use 6f...bentonite pellets, and slurry in

the monitoring _wells,. certain chemical.parameters, including

COD, sulfate, "dissolved ..oxygen, and chloride, may

temporarily exhibit...elevatedl.concentrations, until the wells

are fully developed. Values o_f. alkalinity and total

hardness also...ma_y be temporarily reduced" (B'robst and Buszha,

1986).

The boxings designated .with__.an "S" following a letter

(for.-.example, boring BS) have PVC slotted screens and

casing, surrounded with sanct pack, and backfilled with

bentonite pellets. These borings; were greened for

observing the shallow perche.d. water,table;: "an_d the. non-
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aqueous phase liquids, and are riot intended for ground-water.

monitoring.. ., The, screen;Kn<3 casing should be. removed, and

borings plugged,. when..̂ obs.ervat"i6ns" are !complete.
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EVALUATION OF..DEEP "WATER "SUPPLY WELLS

The deep water .wells, designated as Dl and D2 on the- -T ->
site location, map, were-; drilled some ."time ago,- and boring

logs could" nbt~ be . located---..—The depth _of Dl is 425.6 ft, and

the depth" of D2 is 244.6 ft. The depth of surface casing in

these, holes is not known. Because static -water levels in

the wells are similar t6 water levels in the weathered

granite aquifer, either , leakage - of̂ ,. ground, water from the

weathered granite into" the. wells .is occurring, or the

weathered granite ...and granite aquif ers.. are:..h.ydraulically

connected through .fractured, zones. In either case,

monitoring of water., cfuallty in the granite aquifer is ...

require.d...̂ _As_d.iscus_se.d .previously, prolonged, pumping, of _ . .

well: D2 indicated .that ground water from, the weathered- . . . .

granite may have" -discharged into the deep" well at rates

consistent with a casing leak or""br.e.ak". " Pumping of ".well Dl

indicated^that"ground-water: .discharge from." the weathered

granite ..into the deep well ""probably occurs:- at much lover ..

levels. - -..- — .. "." " ,

Chemical-..analysis df samples collected from these-.. ....

wells, shown "in Table .8, indicate.'.that organic- compounds . ;

were-present in well D2.. .To evaluate .whether . cross-

connection, or.hydraulic, interconnection, with the weathered , ...

granite has" contaminated the -Petersburg granite aquifer, it -- -. .. _

is .recommended that three deep monitoring wells, be installed r .

in locations shown on Plate 8. Special "care should be taken

in drilling" and constructing ""these" monitoring wells to
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prevent cros's-connections, and prevent. ..contamination during

drilling. " Î l..crb1ss--cbnnection between the weathered .granite

aquifer . and.the _.Peter-sburjg ""granite aquifer .is responsible.

for.T.the contaminant concentrations detected in water samples

from these wells, the casings of-wells Dl .and D2 should be

removed and the Wells properly'plugged. __.'.;
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OCCURRENCE AND MIGRATION OF.NON-AQUEOUS PHASE LIQUIDS

In~the" past, creosote, and pentachlorophenol-bas.ed wood ,

preservative formulations have been used to -treat lumber at

the"..Virginia"_"_"Wood_ Preserving" "Corporation; site. At present,

CCA (copper, chromiuin, _a_ndL arsenic_o_xides) solution is being

used... Based-on the chemical analyses, available at this

time, it appears that creosote, pentachlorophenol, and CCA

have, entered the' s'611 and ground-water .environments. Data

is not-,-a_vaila_ble to. evaluate any potential .contamination by

CZA, No. 2 fuel^oil-.-or^ixylene formulations,

Field ..observations have "indicated that three phases of ..

contaminant, which will require separate consideration from

an .investigative and remedial standpoint, are present at.the

site. The first of -the' se. phases, is. .a light non-aqueous . .

phase-liquid, present Within the ..unsatur.ated (vadose). zone .

and within ""pore, space's In the upper "portion" of the saturated

zone. -The second phase is .a dense", immiscible liquid . ".

present within, the satujrated, zone-. A third phase of

contamination consists-rof dissolved organic and" metal

constituents within the saturated zone. ;

Chemical analyses..:Ofj.-the 'organic - compounds in the

various phases.have not been completed. Based on previous" _

investigations_and.research on. similar creosote and.

pentachlorophenol formulations, certain pbstulations can be

made, regarding the; organic;; compounds pre;s;ent within each

phase. -"- '" ..:. -;-_.- — •;. .:_v - - ~-~ - ---.- - -
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C"reo_sote; ",ia_-a==;co-mplex_mi'xture o£ "chemical compounds ~-• ' iff>'tf/ft
consisting of a.s~much 'as. 85=%-. polynucl"e.ar aromatic . *™

hydrocarbons, and up to 17% phenolics_.. ...Other compounds

consist of ..numerou.s-:..nitr,oge.n and sulfur containing

heterocyclic compounds.: (U.S Forest- Products Lab. , 1974).

When mixed with water, creosote has been known to separate

into,..two.-distinct phased: the phenolics, being fairly

soluble (on the order, of. 10 gm/.l) JForm_ a light aqueous _ .

phase, and the polynuclear" arornatic_hydrocarbons, being

slightly soluble to ln.spl.ub.le..(on_.the order of 0.332.. gm/1) . .

form" ah Immiscible hydrocarbon phase. -Although some -of-the

polynuclear .aromatic, hydrocarbons:..in creosote .(such as

phenanthrene) , ;_as. well as man^y of.the phe'riolic compounds,

are less dense_tha.n. water, many of the polynuclear aromatic..

hydrocarbons "present in creosote..̂  such as .napthalene,

acenaphthene, and carbazole), as v/ell ,as..pentachlorophenol ....

and many of the"_pheno_lic. compounds^, are more dense than .

water. .Therefore, it is" theoretically possible for" an

immiscible- hydrocarbon "phase, formed from creosote, to

further • separate" into, phases; that. ...are lighter than water,

and heavief._than"waten.-... —_ -~^~^ -_ _ - -.

Before .^disoussing the distribution of contaminants at

the ..Virginia... Wood ..preserving Corporation site, it is .helpful . _

to review, some' of-.the. principals govern ing the occurrence

and migration of non-aqueous phase liquids:". ' An in-depth

presentation of theoretical .concepts;is presented in several

texts describing two-phase.,immiscible _flow, and is

substantially beyond the.-scope of .this report. Our
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7 f o n i w y . , ; •--.,=.=
^ & ̂da.s.oiission is limited therefore, to summarizing some .of the /' ; .

general..principles "involved" in evaluations, of immiscible

liquid migration""and recovery.'1 J - .....:. ———: -.-- .-.-.. .J —— ——-- - ,

J

Interfacial Tension " _ _ . "

The ability of two Immiscible fluids, to flow through

the same porous medium is largely dependent on the

interfacial tension between the two fluids. Interfacial

tension reflects" the net .inward .attraction of.-fluid

molecules in contact.with another" fluid. In the case o.f a ...... .

liq.uid in "contact xvith ;air", the term surface tension is - .-- -

commonly used to:...describe the same forces... The interfacial . .._.

tension between the nori—aqueous, phase liquids .encourages ..the

immiscible."liquids to i;orm droplets, .within the. water. These ........

droplets have"greater difficulty squeezing through the . .

interconnections between pore-.openings_.t. such that the.

droplets" are often, retaliTed within the.pates.

The inter̂ rfiJ-aiiansh" ip between .interfacial tension an:l

capillary openings ̂ .is (rlemonst̂ rated by the. ;formula :

PC = 2 T cos /r-- ; ....

v/here P_c.~isi.capilla"ry pressure, "T : is:""1n"€erfacial--tensioh ,

and. r is the radius of the. capillary opening. Although rnore_ . . "_.

complicated- equations involving1 pore.^aspect, geometry are - - - :

normally used__f or "defTiriitiye_._computatLio_ns, this general .

equation .correctly .illustrates.the relationship between the

various, terms . The. greater'.the. "capillary; pressure, the more. ..

difficult;it is, to "squeeze"- immiscible ..liquid droplets

through the,soil. Tt-is- evident"~that_capillary pressure = _ •
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vj3.ll -incrieas&"'as, fhg^ inter fa'ciaJ_ten̂ jlpb between the liquids

increases, and" as. the size of-.capillary ..openings is reduced.

The cos term is, -a measure of" the wetting tendencies .

of the" "tw"d f iuids .".""--Under, most normal circumstances, water. ,,

is the wetting "Tluid. Although the angle of wettability is

almost impossible to accurately measure, in a porous soil

material, with water as- the wetting fluid:it is common to

assume an angle of zero, for.-which. . cos", -equals one.

Research has shown "that., slight deviations "from this

assumption in most field situations .have little influence on

the correct, interpretation of forces, acting on the

immiscible lic[uids"7~ ' " " •••• — •• -

Although the components - comprising^the non-aqueous

phase .liquids at t"h"e" :si;te."are. not Icnown 'at this time, it is

probably accurate .to. ̂ as.s.urae .a. surface..!, tension between water. .

and the non-a:queous. phase- liquids between 44.2 (interfacial

tension "between napthaleiie a"hd water) and.33.1 dynes./=cni. .

(interfacial tension between phenols and water). For. the .

purposes of .discussion, values for the" lnter£;acia! tension •

between water .and air (surface tension) and water and the

non-aqueous phase=,ligjji;ds are assumed- to be 73 and 35

dynes/cm, respectively.; ... ._ _.._-..

Residual -Saturation..;" " ; ._."";""."_ .J!'!!." - !!!_._....__"1~ !....

Residual, saturation, is commonly "described as the

irreducible quantity of immiscible ,l_igui^, retained in pore-

openings , that cannot, be removed, .from the: soil by flushing.

It is usually expressed: in terms "O".f...percentage of total
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porosity. .. T!he__c^oc£pt^ o^^r-red_upibd.lii^_ is not totally

correct, and often; causes7 misunderstandings. It is more.

appropriate—to..say that, for any given "set o.f conditions, a

point of diminishing, f e"covery "wiTF~beH approached.

Residual saturation is .inter-related with re^ltive

permeability. As _..a.general .rule, relative,permeability 'of

sediments, to immisc.ible.-fluids approaches .zero as. their.

saturation decreases to.;/about 15% of -pore volume. This

value will_,:vary .with pore size. and_. liquid-characteristics ,

within a reasonable -range of."plus or minus 5%.

It is_.."a1sx)'"l"mporta"nt to "note, that this concept of

irreducible,saturation similarly applies to soil water. The

minimum residual saturation of_; water. in.,.th'e presence.of

immiscible:. liquid§"1s "cb"fflmbnly "a"ssumed.;t6 :be about 23° of ,_ ,

pore-v-olum_e..... .Therefqre:,. even^in zones ;o_f . free-flowing

immiscible: liquid, "where" the relative, permeability of the

soil, to-water may be . 10%., or ..less , water_ saturations of one-

third to one-half .the pbre; volume .would not be uncommon.

Calculations.. ;o.f, immis_cibl_e_jl_iq.uid...quantities in soil, that

fall to- recognize the partial .occupation by water may

seriously overestimate the actual-volume of_immiscible

liquid. - - - -- - --- -. -—r— -._-_--_- .--̂  -- - ........

Immiscible.Liquid Stringers . _ ,".T":_.. "^ •_;

Tnterfacral tension causes~d.ropj.ets of light immiscible

liquid to ..snap-off within the soil pores, where they are

prevented from :.further "migfatio'ri.".. The. gradient of water

flow ;acro~s"s:;a" single pore.-is. - normally not-sufficient:-to -. .
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overcome the capillary .pres~suresi:r"esi'S"t"ing the squeezing of

the immiscible "liquid drop through, the ..capillary opening.

If"";"the:..immiscible liquid droplets.-agglomerate into strings,

however", capillary pressures at 'each___end remain the same,

but now an additional flow-gradient will be pushing against

the-stringer. :.At.-some__a,e.ngth, relative to the soil's..

particular pore.aspect geometry, the stringer-will begin to

move. . , •• . " : :;- .: :"_.:.... .. ^ . - ; - .

For-stringers in the vertical orientaion, bouyancy is

the. driving force. Eor strangers in the horizontal

orientation, ground-water flow provides the driving force.

The'process .Is intermittent., _as_ the stringer .breaks,

agglomerates^ with new droplets, and moves,again. But it is

easy tq,...s.ee that.. the. more continuous the"" light immiscible

liquid'ls, "the more likely-it -will be to migrate.

Converseiy, irregular" and isolated immiscibXe liquid

droplets,, in heterogeneous"..'materials, will "be "difficult if

not "impossible.to'", move."~'~'.'""~~. ;"...' " . ~ "'"i." - - - - -

Threshold -Gradient

Residual immiscible liquids" are not -irreducible, but

can be mobilized by"increasing hydraulic gradients above a

threshold value. This threshold gradient" ;can be evaluated

in terms of the Capillary Number, Kc, a dimensionless ratio"

of dapillary" force-s,.to viscous, forc.es-.~-. : ", !!._

The minimum capillary number .for-,initiating residual. T.

immiscible-liquid movement is. approximately 2 x. in (V.llson

and Conrad, 1984)." For-an interfacial tension of 35
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dynes./ .cm, arid the avejrage. hydiraullc— c6ridnc_t1vity of soils at .... ,, „

the Virginia^ Wood Preserving Corporation site, the critical ..,..!""

hydraullc-./gradieht-^or ; mobilizing the immiscible '-liquids is ",j
227. Likewise, the gradients required for removing 50% ana

100% of the immiscible, liquid residual are determined to be ."

3410 and 14,800, respectively.

In Ufl"co"nfine"d aquifers, the maximum hydraulic gradient.. . ... .

that can be. obtained is 1.0, such as experienced during

gravity flow. . This."is : less than 0 ,..5.% of the minimum

grad_ie_nJt̂ egu_i_red...-for._̂ lQbJ"̂ T?ili_ziat.i:orj'.. Hydraulic

gradients'., could be^artif icially increased ..to . 227 only by

enormous ponding of . water above. the ground surface or by

in jectihg; water at ̂ xoessively high pressures. - Obviously,

neither.._af ..these:-tw.a.uarti.ficial procedures are practical in

this instance. '--*- It is thus apparent '"that ,' aside from areas " "

where. free-.f lowing immiscible .liquids â re... present, recovery

o-f residual Immiscible ;J.iquid by pumping and water-drive

methods will ""n"6t be" successful. ;"..=.. ..

Thickness .of the: No"n-Ad[U-eo"us Phase -Liquids. .,.'

In most field investigations .orf non-aqueous phase .. _: _ . .

liquid --contamination, estimates of the quantity of

immiscible .liquid in the .ground are .usually requested. .. .

However, these estimates are seldom reliable, because it Is

extremely difficult to ;measure the .thickness. of the non- ^
CN1aqueous, phase liquids in the ground. It -is well known that .. .. - ̂
CD

the.- -thickness of ..light .immiscible liquids, which exist in ^

the unsaturated. zone and in the upper portion of .the rr-
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saturated—za"tief 'Tne'.asureS in" a wall, Is" not representative of

the; actual thickness "In the ground. ...Although many equations

and theories.-"have been proposed for ..quantifying the ,>
relationsJiip between thicknes-s. in the ground and in wells,

none of these -equations' consistently apply to field

conditions. A useful approximation is often used, wherein .

the thickness of the. light immiscible liquids in a well is

assumed. tCL--be two to ,four \times greater; than the thickness _ -

of .the. immis-cible.-liquid in the formation, Since more . - - . . . . . -

detailed computations often fail to provide more useful

answers;"this" may be the most, useful, first—approximation in

lieu of m6"re.definitive^ field data"..

As non-aqueous, phase"liquids migrate downward through

soil materials. .abo_v-e;the ground water surface, some, of the

immiscible liquid "-is. 'retrained, by the soil .paricles, while - -

the remainder .continues-'downward.* .. .If the supply o.f non- - - -

aqueous~"phas.e : liquid's exceeds this retention .capacity, the

liquids will eventually" m"igf"at_e-,doKn " to'Vthe. top of- the

groundrwater .surfac.e.-:..-_ immiscible..JJLquids which are lighter

than water will spread through the capillary zone, while

dense .immiscible., liquid^, will .move through* the saturated - -

zone in a manner dependent-.on the capillary pressure,

gravitational forces," and" viscous" forces', as discussed

previously. The capillary "zone is the partially saturated *-O
C\J

section of the...soil above the '.freshwater .table, where water . *•*•*
O

is held by capillary forces at below-"atmospheric pressures.
QCAs shown by the preceding equation ''for".-, .capillary pressure, ^

the smaller the""radius,-Qf. the capillary t.ub.e, the greater
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the capilXajcy pres'sure ;.aJid the height to, which the,

immis.ciblevliquid will. rise. "In _a .heterogeneous soil

composed of^variable particl.e_ and porer'-.'slzes, the .height .of
>

rise and relative liquid saturation_.will vary. Thus, some -

tubes., will be-completely saturated-"while other adjoining

portions will be only partially saturated, even at lower

levels. ~ - ";= -». —- ~ - - . . . . . . '.

This concept "is .critical .for understanding the

thickness of light immiscible liquids in wells. Immiscible - -

liquids will f low", more ; readily _through those portions of- the

capillary zone where, water s_aturation" Is -reduced. At lower _

portions of "theTcapillary zone, where water saturation will

be._:70% or more, immiscible liquids will move very slowly if

at...all. On. the other hand, near tHe top of the capillary

zone, where "Water" saturations ""are""".30% br .less , the

immiscible7 l"iq"uids -may 'move rather .fr&elyY Based on recent

research, the- thicknes's - of- freê .f lowing, light immiscible

liquid at the -top of; the ..capillary "fringe _ in the clayey, fine "

to- medium sands present at...the site- could reach between two _..

and ten inches;" assuming saturation of. non-aqueous, liquid.

When this free-flowing light immiscible liquid reaches :

the well, therefore/ "its position at the top of the

capillary zone" is.above the free water surface in the well.

As the immiscible; liquid ..flows . into the well, it fills

between thes.e two. levels. " The. greater.the height of the

capillary" zone;, the "greater the thickness; of immiscible .

liquid ialthe;_well. "" . _ " . _ . . ..-.--:-.".'-- . .--!
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Rather -than measuring the thickness. o£ a light
r* ">immiscible- liquid in=jthe w_ell," it" is; usually more meaningful _.'"""->(',

to-evaluate-the presence of the liquid in.soil samples. »j
This canT-be usea~1n conjunction "with determinations of -

capillary z~_bne; characteristics, to" estimate the actual

thickness .of. soil through which light, immiscible liquids

flow. . . . . . . . . ; . " . . " _ .

Refraction..of Flow Paths

There is one'̂ final consideration before describing the. . . .

distribution of."immiscible liquids at the site., and that is. . =

the . ref r action ofj-flow paths "cdUsed by variations in

hydraullc"-co:h"rductivity.' An illustration o.f how this occurs,,---- --

is "shown in Figure 5-. Note- that^the. flow, lines are

refracted twice, at each .change o.f. material. As shown in

Fi<gur.e""ir,~"tn1~s"" refraction follows the relationship,_

Pi
tan °

where:: . K^ is the: permeability of.'.-layer ;1 ,

2̂ is the_ permeability o.f Jjayer '2j_ _̂

°̂  and C>2 ar&_ah"ĝ ;eŝ -̂.-rê fr̂ c;t.iorl"T "!

This principle is useful for visualizing, the flow o.f

ground water and the .immiscible. ...liquids, in .the fluvial

regressive .sediments, and. the associated,, hardpan and friable---. ....

clayey sand layer at . thie". Virginia T7oo_d ̂res.erving

Corporation site,. In particular, the.",conditions shown in

the K2 > .Kl i.lliistratiorr in Figure-'5;ls similar, to groun-3-
f =- ''

water, flow, conditions "w.££hin the shallov^ .perched water......

•*
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\
fine

Fins

Hydraulic
conductivity A"|

Fig. 5-- Refraction of .flow lines across a. boundary between media of
hydraulic conductivities (from Todd, 1980).
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table. _" ..At_the Virginia ..V?b.5d .Preserving corporation site,

the ratio of"K2/Kl probably varies. frpm̂ t'en to infinity

(infinity representirig~r"no.__f low" through, the hardpan). In the*

region where "iTmmis-cible liquids have_ been, detected, K2/K1 is-

approximately 100. "Ground water and dense immiscible . . .

liquids ..will, -flow preferentially "through the clayey sands of

the regress_i:ve.;.fl̂ u.y1jil_aqu._ifer'_...pyerlying the less permeable _

restricti-v_e=, hardpan. , r

The decrease in p"6"r"e' size -associated with the

restrictive friable clayey sand layer also, has an important -

e£fect_..on""migration ".of "the dense" Immls.cible liquid. As the

liquid moves vertically under' the force of gravity, it is

influenced by capillary pressure,." and .the" force exerted by

the. flow gradient. Figure! 6.. illustrates-the vario'us "effects :

of the .forces" at work" on the immiscible liquids, and the

resulting theoretical distribution of the; non-aqueous, phase-

liquids. VThen a dense .Immiscible .liquid encounters a layer .

of low- permeability,"" and "the associated -decrease -in pore

size, the .capillary pressure is increased' (Pc 1/r), and

unless the" vertical gradient is "much greater: than the

horizontal-gradient, the low permeability layer v.111 serve

as a -barrier, to the .immiscible . liquid« :

flR100330
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Figure-6 --Distribution of"aon-aquedus.phase liquids in the shallow
perched .water table.aquifer. " --
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DISTRIBUTION AND" TJIGRATlOU OF COWTAf JlHANTS ;

The "'"history of operations far the Virginia Woo3 "

Preserving Corporation "site identifies several, possible .

sources of contaminant.: The most obvious sources of

contaminant on-site,. are. the. covered holding lagoon, and the

area of the blow-down sump ..prior .to..its removal. When

referring" "to the source's of contamination In this report,

the -blow-down sump "encompasses the entire area around the

concrete holding pond, constructed over, the blow-down sump.

This is meant'to avoid any "confusion which may result, from

referring to-the blow-down sufnp", which is not shown on the

site location "map, and is not meant to.Infer that: the

hoi ding", pond itself ;is. "ihe source of .-contamination. Other

sources of. contamination" ..are , run-off arid seepage of wood .

preserving f6rmu.latipns;;..us.e4 in. the treatment process/ and

surface _run-6ff of contaminanted vater-*.^ - •=-

The non-aqueous.phase liquids, "which probably

originated, fIrom.th.e"; covered holding lagoon; and the area

around the holding pond, appear'-lex be restricted to. the

shallow perched water", table on-sit_e. These contaminants

provider constant"sTource..of aqueous .contaminants to ground

water, through slow dissolution of the organic, compounds

into- the aqu"eo_us_phase. — . "": .

Water samples", collected - from the "covered holding

lagoon in'April, 1905, contained creosote concentrations

varying from 30: to_'$_65£. Tug/1, and "pentachlordphenol

concentrations ...fr'oln TTCto.. 5.16":."u|7j;. "::"A composite sample of.
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soils .taken ..from the covered holding lagopn contained a"
'̂ucreosote-concentration of 4923 ug/k"'ig, and 4DC?9 ug/kg ff ''«*

pentachlorophenol. "Copper, chromiurn, and;arsenic - -
j

concentrations indicating -contamination-were also detected.

A soil sample ""collected from boring C.S, near the holding

pond, contained 4700 .ug/kg., total. recoverable, phenols.

Light Immiscible. .Liquid .Contaminant

As discussed.previously, the light non-aqueous phase

liquid observed at the Virginia Wood.Preserving Corporation

site, is p"rd"bab"lŷ  composed-'of thp;se_ creosote parameters

(such as. phenahthrerie") arid phenolic compounds which are less

dense .than water. Based, on our .field observations of soil

samples, the.thicknesses, of" the highest, concentrations of

light immiscible-liquids seemed, "to. be on the order of fo.ur

to six inches, .The presence of -light immiscible" .liquids v;a"s

noted.ln boring'FS, from 2".5 to,3.0 feet, boring CS, from

3.4 to 3.8 feet," and in monitoring"well 3A.

Approximately 0.4 gallons of_^light...immiscible liquid . /

was recovered by pumping .well 3A at a very low rate over a

per 1 qd of..2_4,;Jninute:s.j __The "f 1 b v "was....more . p,r: ."i e;s.s_ continuous

at...a-pumping, rate of _ 0..02 gpm. In an effort to. examine the

effects o£_ increased., hydraulic gradients" on the migration of

the.light_immisc.ible__.li"quld, 3A "was, "pumped ...again, "at 0.33

gpm for" 50 .minute;s, aria; pumpe'd. at-.variable;; levels, to

maintain unsaturated conditions around the-shallow well for

an additional 60 minutes. After. "55 Tminutes, globules, of

light" immiscible, liquid were .pbser̂ e.d.-JLn .the discharge line.. .

......... -—-56 _ ; :..., ._ : .
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The approx"iin3t.e""d"lst.r-ib.ut1ori"-""o£; Xlgnt immlscibl e

liquid, based on 'field observations ,__is^ .shown in Figure.7. "»•:•,?.""**

An" area of as "much as -43,000 ft .... may have light immiscible - ,»
liqui.ds .within the. capillary zone. Ass-uming an average " . ~ ~

thickness "of.the light immiscible-liquids ; of five inches,

the - total volume is calculated to be between 4000 and 20.,03T

gallons,.. Problems inherent in estimates, such as this.have

been discussed, previously... ..Of _.this volume, at least some of

the;soil must be above residual saturation because free- .

flowing immiscible- .liqu.id'Vwas ̂observed in ,,well 3A. However,

an estimate^.of the. amount .of product which exceeds the soils .....'.

retention capacity is ..premature until a_4dit.iona.l .data on the

characteristics, .of the.soil and immiscible liquid, has been

acquired.----- - - . ._.;_"_. - -. . T .:..-:. ..

Dense immiscible Liquid Contaminant"1

The dense, immiscible' liquid, observed in soil . samples

from severfaT" "borings^on"the" Virginia Wood . Preserving

Corporation "site, ""Is""probably made' up of compounds of

creosote, or :pent.a.chlorp"phehol, or "a" "combination of the .two

formulations, which are; more .dense than water. As discussed

previously, these.-immisjcible liquids are-present in the

shallow perched water . table, ""but probably can not readily

migrate.. tnrpug"h_.:the_ hardpan or -friable clayey sand layer.,

because o.f the restrictive""pore sizes." In some areas,

however,-it is possible: that the restrictive layer has been

removed-by excavation. ; Depth of-excavation for the holding ..;.;

pond and the_^cpvered-holding lagoon, are not .known. It nay

5"7 " ": "=--:-•- --- ;
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be possible' f or- immiscible liquids -to, enter the restrictive,

layer in areas where the shallow perched water table is

seasonally unsaturated.. This appears to have occurred in

boring GS,_;a_n_d _may occur "in the. .general .area where water :

levels measured on January 30, 1986, indicated that the

shallow zone "was" below the top of the friable clayey sand

layer. -L-L-_---'^—_ -- '~-.--.-~ .''. - -"î . :. :--™------: -"-- - ". "" .".

Dense immiscible liquids have be_en .observed in soil

samples from boring._C_S_ j(from 3..9 to 6.0 ft), boring FS (from

4.5..to 5 ."3" feet) ,"" boring GS (from 3.7 to 8,0 feet), and well.

3A (2*5 to 3.4 feet). Dry product residue was observed in

boring PS,, _(from 1.0 to. 2.5 ft)". In boring FS and well 3A,

and .In GS from 6'. 3 to'8"._0 ft, product .was visible in

discre.te.por.es. In 'boring" CS.-and _GS , free product was

observed on the split spoo'n sample, and .after-the augers

were":pulle.d, free product-was seen entering the boring.

Figure 7..'shows the" approximate ..boundaries of" the dense

immiscible, liquid "observed in soil-samples. - An area of as

much as 134,000 "ft "may"have dense immiscible liquids in

pore, spaces' within the lower-portion of the shallow perched

water-tabler "Saturation above -the "retention capacityr

evidenced by free?-flowing Sens"e_, immiscible liquids seen in

borings CS a"nd"GS, has probably been exceeded only in the

regions .surrounding the..holding pond and the covered holding

lagoon. .1 _ " / " 7 " _ . . . --;._ '.
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Total.- Recoverable Phenol. -Concentrations in Soils . .....

A total of .-62 . soil ! samples, frpm"bprings and wells, and

from surface samples, were lanalyzed for ;. total recoverable- -

phenol concentration. Results _are- shown ...in. Table 6.

Concentrations varied from non-detectable to 47 mg/kg.

Caution: should be used in interpreting the analytical

results shown in Table 6, a"s" phenols |occur naturally in the

environment, as a byproduct ,p_f_ -decomposition . of organic .

materials. Background phenol concentrations probably range

from 0.0. to 0.."1. mg~/kg ov:er'most of the site, and may be

greater, in samples collected" near.,,area's -. outstanding water

and at shallow- depth s.;."ih_. wpp'decT ar"ea;s;". "."~Th;e problem of

interpretation is further exacerbated by the fact, that only

a f ew ..gr.a.msi= ofLmate-rial, which may or may not be

representative, are___taken ..f rpm each sample;_._ Thus., the

analytical .technique, although precise, "may not be

representative. .or. reproducible.... . _ . _ . . .

Figure__8. is ...a... con tour ..map o.f "total recoverable .phenol

concentrations/ measured in soil -.samples taken from depths

of. -0.0 to_2.;0" ft. -This map represents contamination of .. ..

surface, soil by contaminated runoff. ..."."...Certain

interpretations were required to complete the contours,

particularly in" "the areas of. standing water where samples-

were., not ̂ coULected." "The placement "of these", contours has

been modified from a strict honoring of the "data points so

that field observations i" and related chemical" analyses

collected, during "previous Investigations^, could be

incorporated; in the -int.erpretatipii. ._Data.._f ro_m. boring DS,

6 0 . . . .
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and wells "3A anS~~lT3AY indicating ĥ ori-'Setectable phenol

concentrations, were not honoiSed;:b.ecauŝ - of. the likelihood

of_ surfa'ce contamination In these areas". :In addition, data

from boring MS and well;14 were not" honored. The sample

taken from boring MS was. rich in. decomposed roots and

leaves, and probably does not .represent contamination from

the ""site. Boriffg MS and well 14".are isolated from surface ...

runoff from the site, and" a likely path for contaminant

migration is not apparent. -Either of these samples may

indicate surfaceT/application of^phenolic compounds, however,

and it "is. recommended that the samples be" :further. analyzed ...

in the future:.- - r = •- :- - - ••-"• -' • • - - . . . -

Fig"ure" 9 shows locations where run-off samples have

been collected 3urTng~a~~~prey1ous. Investigation,." Analytical

results are shown in Table.7. Potential problems, with the-

analytical, data will, be ,.d.iscusse,c3" later. - P.entachloropheno.l ,

and creosote,parameters; were detected in samples four and

five,'" in the "drainage area- north_of. the site, samples two

and six, in the""ditch along Peyton Street, in sample three ..

in a- ditch, routing surface water—of f-siter Into the area of

standing water east of the .site, and in sample' one, in a

ditch along Qakvlew ..Avenue... " _.. _ ";____ .__

The:.._source of phenol, in samples collected below 2.H ft

may represent...contamination. :fr.om_" sev.era.l. sources , including.

contaminated"ground;water, non-aqueous phase liquids, or

infiltration of contaminated run-off.""Plate 7 shows tho

probable, -depth of . soil.. 4pnt.̂ minatlbn":bt_..-t?,:e " s i'te, anfl i s

baseid on field observations' as."well as total recoverable

6.3_ ... . ... \.t '-/-' '
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Table 7 --_ Laboratory analyses of surface, run-off samples. Location of
samples is shown in Figure 9". * " " "

Sample, No. Pentachlorophenol .Creosote .. Copper Chromium Arsenic
ug/1 ; ug/1 . . mg/l__ ; . mg/1 mg/1 .

i — ...._.. .14 ... 28:.::. . : .~"ovo6~ " <o.05 .. 0.20"
2 ""- . Vg4 "" ~<2 . T Q~26 0.08 -0.52

3. ^ •-."•."•.". ."1-44" ' "' i6Bo""r. / V:"a.'59 .. 2.97 3.81

4 - 54 550" .. "":.":.Q."45 ' 3.61 ..." 1.89

5 ". " ------- 38. " _.-: ';.1408 .. '.~~ -Q.IT ~'" ' 0.10 . . 0.69
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phenol ajia.lyses "of""soil; samples . Th'eTpne "foot contour ,*>%'/
//v **V/

fco s

represents,, .coixtam.ina.tion by infiltration of surface run-off.

The., seven. ...foot contour location, is "based, on the presence of ',

contaminated soil ."samples from borings CS and GS, at. depths

of. 5.8 to 6.2 ft, and 6.5 to 6...8.f.t, respectively, and the

location of the covered: holding lagoon and blow-down sump,

which are"~"probable .sources of the contaminant in the deeper

sediments ." "~ ".;.", '.\'-'...--.'.~'~.r.'~.-.-~~'.-'. "~."~_"I-;:r~m="irr " = . - . " = : - "

Aqueous . Pha;s.e___Contaminants . , . _ . . . .

Analyses of 'gr'oGnd-water samples have indicated tha.t,.- = -

components of rcreoste ;a"nd;"ip"entachlo,r.o"phenol. are .present in

wells..!, 2, 3,- 4,"5, 6, 7, 8, 9," IDA, " ll.A,' 13, Dl, an-1 D2.

Available" chemical "analyses "o"f- ground-water samples are

shown in Tables-8 "and 9^ " " " ":

Tot.a_l phenols, "measured ln: "wafer "samples collected in

November, 1985, indicate-"detectable, .concentrations, (greater

than 6.0 tfg/1) in wells 1, "3A( 4, 9r 1HA, and.llA (TcYbLe 1).

As mentioned- previously, this paramete_r^mu;st be.useS

cautiously as "a ." contaminant indicator, because of 1 .the

presence -pf. natural.ly-occu"rrin^;phenols " re'sulting fron

decompositipn .of natural materials." The data .ip.cTicates t.)nt _

the shallow, perched :.wate"f .table .con.tains"ra.s much as 1.3 mg/1

total phenols, in the .center of the .si.te_.(well 3A) , and 0.11 .

mg/1 at the eastern boundary of the site, (well 10A) . The

samples, .from adjacent wells. Cwells;. 3 .. arirT I'l) , screened i.n _.

•tb.e_..weathered ."granite, = showed n.on-jdet.actable^concentrations

of total p"h"enpr,-.-_;;.This" supports, .the, tjieory. that non-aqueo.us... ._ ..

c- WILLIAMS, n
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••' :•:'• '-iL¥. = .i '.ii.1î SKLŜ 2_ii_.J:Ti™=-j.i1 i« ;.
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Table 8a continued

Wen

GMWt
GMWZ
GMW2A
GMW3
GMW3A
GMW4
GMW5
GMW6
GMW7
GMW8
GMW9
GMW9A
GMW10
GMW10A
GMW11
GMW11A
GMW12
GMW13
GMW14

Dl
D2

Cu
mg/1
<-1
<-10
<.to
<.1
<.to
<0.1
<.1
<.1

0.12
0.31
<.to
<.t
<-1
<.1

0.18
<.1
0.14
<.1
<J
<.t

Cr
mg/1
<.05
<.05
<.05
<.05
<.05
<0.05
<.05
<.05
<,05
0.41
<0.5
<.05
<.05
0.07
0.39
0.05
<-05
<.05
<.05
<.05
-<.05

As
mg/1

"~

<.01
<.01
0.07
<0.02

<.01
<.01
0.03

TRP
uq/1
84
<6.0
<6.0
<6.0
.1,300
._ 6 -
"<6.0
<6.0
<6.0

" <6.0
7,T
<6..0
<6.0

- 110
~<6.0

15
<(5.0
<(5.0
<I5.0

_.

COD
mg/1
115
<ZO

: <20

20
<20
<20
21
29
23
<20
<20
125
100
75
<20
<20
<20
20
<ZO

TOC
mg/1
44.9
<1.0
5.1
5.4
21.2
3.9
1.6
8.1
6.3
8.6
3.6
2.9
9,3
73.1
39.1
35
<!
<1
4.8
3.8

1003U5
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Table 8b - Concentrations of chemical parameters measured in-situ vjthin
each monitoring well. .

Well

GMW1
GHW2
GMW2A
GMW4
GMW5
GMW6
GMW7
GMW8
GMW9
GMW9A
GMWIO
GHWM
GMWHA
GMW12
GMWI3 .
GHWM

Temperature
Centigrade
25.90
17,30
16.70
20.40
-19.60
H.50
14.00
14.00
15.50-
17.30
17.70
17.00
15.80
14.30

..15.10
18.80

PH
S.U.
6.69
6.18
5.46
6.36
7.34
6.51
6.70
5.60 -

-5.35
4,75 "
6.46
5.21
5.66
5.14
5.25
6.50

Conductivity
pmhos/sq cm

4180
410
330-
2520
690
750
820
2340 -
1770
1800
2820. ,_
308
MOO
370
1 1 20 ._-.-•
4070 '

Dissolved Oxygen
mg/1
0.94
5.07
4.41
0.28
2.15
1.13
5.45
6.85
0.43
1.85
0.26
2.54
6.50
4.27
1.85
0.98
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Table 9 —Available chemical analyses., of pentachl.orophenol and creosote
in groundwater, samples.

Well/Date

GMW1/4-1-85
GMW2/4-1-85
GMW3/4-1-85
GHW4/4-1-85
GhW5/4-1-85
GMW1/4-24-85
GMW2/4-24-85
GMW3/4-24-85
GnW4/4-24-85
GMW5/4-24-85
D 1/4-24-85
D2/4-24/85
BlanU/11-85
Blank2/11-85
GMW6/11-85
GMW7/11-85
GMW8/11-85
GMW13/11-85

Pentachlorophenol
ug/1
30
45
25
39 ....
<2
10
3
27
104

-"6-1
<2
349
14
20

. 44
154
65
55

Creosote
ug/1
65
432
282
1142
98
9
<2

_ _8_
204
24
<2
2
10
9
<10
42
11
12

ARiQQ3i*7
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-phase liquids1, pViese"Ih"t...,in the shallow perched, water table, ''

are. the. main so.urce. of.^o'ritamiharit"at.-present, and that the

hardpan, ".o"±'".."fri;abl=e_.-clayt2y sand layerV restricts vertical _: .

movement of ground water.- Detectable "conbentrations of.

total, phenol ~w;eT"e-;i:fQunci in wells':̂ sc£eejQ_ed within the

weathered granit.e.. in... the ...northwest and southeast corners of

the-site, and to .the -east"-of the site (we_lls 1, 4, and 9,

respectively). Data..from well's. 1 and 4 may be affer;t,ed by

well -construction methods' and materials.-. . Each of these.: - .

wells,- however, is-located near- areas ""where-tho hardpan or

friable. cTaYe"y:~"s"̂ cT"ma"y__b_e""""penetrate.d by excavation (well"

4), or. poorly "developed;, (wells 1 and 97, and it ...is possible

that conc.eritrajtioris..."..r..ep"resent. contamination of ground water ,

by phenolicr-compounds. ..; '_. . . '.__ . ____-:. :. - - .. '.

F.igure:?lD" shows'" a' B6liTt6;ur̂ ~iffap~bf total' phenol ....

concentrations in" the ground water. Based on available

"data, concentrations ..of phenols ,in "the shallow perched, water,.

tabljs and weathered granite aquifers" both; were combinecJ on

the...f igLure..-/^Nevertheless ,"'the map does snow the general

distribution of phenols! a-cross'.'th'e s:it.e... ..

Copper'V!"""crir~omrujtri;" ""ari:3""ares"enic~cb'nceritrat-ion5 , pos-siV>ly

indicative of" contamination, were..-detected in v/ells R. and 11

(Table S)_... Copper Was ;a.etectea. in""weTl-s 7__and _12. L.ow ...

co.ncentr.a.tions of .-.chrpraiaim v;ere -:detec.ted . in wells ln.A. and"

11A, "and a.".low concentration of -arsenic v/as. detected in v."?l.l

14. TO., evaluate the effect of., .the CCA formulation presently

used at the.-sJUt-e oh the'ground v/ater; ii will be necessary. ....

to. .determine background1 values of. copper, chromium, anT7

71 ... __:. .. _._.
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— - - - ' *arsenic, using s'tancTSr'd' statistical rft^thods . In add-iiian, //fL̂  "v-Cr

the. retention capacity of the. clay mineral's" at the site, for

copper, chromium, arsenic, and zinc should be evaluate:!, so ^

that future migration o^f".these ions in t.Ke..ground-water

system can bo predicted-. ; - - - .."".--... .. ... .

Polynuclear aromatic .hydrocarbon, and phenolic .compounIs

were not. .analyzed during the course of_ this investigation

because of instrumental. failure-- at- the chemical laboratory.

Creosote ..and pentachlorophenol -concentrations de-tcrnine-l

from samples- collected during previous .investigations, shown

in Table.9, are. suspect; because of- questionable well

construction .and sample; collection"." "The fact that total

phenol. concentrations were, .non-detectable .(less ".than f.T

ppb) "in wells 2; -3,"5, 6, 7, 8, and 13, arid that

pentachlorophenal: concentrations, which" slipultf "be reflecte-T . ..-"*

in the total phenol. arTalysis, Wer~e"~"cletected in these, wells

at. concentrations varying ..from. .25 to_15_4_ ppb, indicates that .

either the analytical or samp_lincj methods :"useU to evaluate- _""

pentachlorophenol ..was not_ acc.urat.e, or contaminants

introduced during ""the; drilling process" .hove since" ~~:" "

dissipated-." ."-The latterT-explanatidh is" probably not likely ,

as - the samples .analyzed l-"f or- pentachlorophenol. and total

phenol in wells G, 7, and 8 w.ere"cpllected during the same

sampling.."routine.. • .Tp.l_f.urther^complicate the analysis of

data, bailer—blatiKs .collected during the November, 1935" . .

sampling .routine,.,indicated, contamination, .by both

pentajrhloropheliol and cr.eos-Ote, , -Bailer:. bLanX number, two v;as.̂ ... . ...
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collectecL:Qn_.a" heW-.tefloa Jailer, prior to. sampling. This %'ty.
ffft̂

indicates, that the analytical.techniques probably
j

overestimate pentachlorophenol and"creosote concentrations. '

Despite problems. with the data available, it is evident .,

from field. observations and total phenol concentrations that ..

aqueous pentachlorophenol. and creosote...compounds are present

in the ground-water ."system at the. site. Product,, odor has

been, detected in__well.s_.i:, 3, 3A, 10A, and D2. The location

of the zero contour interval shown "On. Figure" 10 represents.

the approximate- limits of potenti'aT "ground-water

contamination. The location, o-f this line is based, on field

observations, hydrogeological .and geological considerations,

and the total phenol concentration's...listed.; in Table n.

Previous investigations ;of creosote- arid

pentachlorop}}e=ri.6;l:_.contamlHat.£d̂ r̂o.an"'3 water have indjLcateJ ... .

that-,these""contaminants" are: naturally7" degraded by microbial . -

ecosystems in the .ground-water environment, and are adsorbed ,

by clay minerals ...;. on ...one repor_ted_pro3_ect, the farthest

extent of-.contamination of."creosote arid ."pentachlorophenol

compou_nd_s.= in. a highly" "peT'meabie :aquifer v/aS "110^ ft. Oth.er

similar- investigations have; identified mSxlmum extents of . .. ' .

migration_"ofI.1410, 570, and 4~00 ft (Barker and Patrick,

198..5; Beia"lent:=.ahd others;, 1934; Ehr.lich and others, 19?2;

Troutman and others, 198.4). .in each d-f" these" ..cases,

research indicated", tha£_ .the migration o.f creosote and

pentachlor.Opheribl compounds wa§ . influenced "by microbia.1

degradation, adsorption __by clays," and" low solubilities of

non-aqueous .phase liquids .":;-:. -.- ;_;.__i^. . ,.. '-'".."- -."

SRI003
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CONTAMINANT. -FLOW PATHS AND AREAS INFLUENCED

//̂

Sur̂ Eace_,ruri~-6rf"f, of. .contaminated water;.flows into

drainage;'a re as ar'.dluhd ..the Virginia Wood- Preserving

Corporation site.-"-__;S;eve-ih=il-areas are affected, : including the

drainage area north of .the .site. that..drains....directly into

North Run Creek, the areas....of standing water to the east an-1

southeast of the site", "arid the runoff ditches along Oakview

Avenue and Peyton Street." Contaminated surface run-off that

enters the areas"of standing water, shown on Plate 2, either

degrade.-naturally,"_ acTsprb onto clay mineral surfaces, or

infiltrate into the "shallow" perched, v/ater. table and the"

weathered granite aquifer. _".. ...:. ;" -;= _ -

Non-aqueous, phase liqulds__r in_ the shallow perched .water.

table ..aquifer appear""to'^be .contained . on-site. The areal

extent of theses liquids ; is.-shown on Figure;.7.. -Migration of"

the riori-aqu"eo"us~"phas e -1 i quids has be^en ret a r d ed , and

possibly "halted, by the .retention, "capacity of the soils.

The amount of contaminant that .exceeds residual saturations.

appears to.be ̂restricted :at this time to th_e areas shown on

Figure 7. .The "free-flow cxf non-aqueous phase liquids is not

likely beyond .̂ thesTe \ar_ess". " _ ...__v._=_~" - ri'L.L" ..... ,".

Aqueous phas.e . contaminants -in the shallow, perched water

table flow north, toward North Run Creek. In the areas of

mounding" ground" w"a.ter",~""".̂ rQun§=rjt.he.".standing water east and

southeast of the- site, flow, .directions diverge" to.-the east,

west, and south.. Flow., to the. south, induced by mounding of

ground water^around the =area of standing water .southeast- of ,

75 ~~
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the !i site,/""is" of particular-"-concern. ̂ Contaminated surface

water, routed under P.eyton Street .-through, the culvert shown

on Plate, 2, enters the siiallow perched- water table in the

area of standing water southeast.of--the site. This means

that aqueous"" contaminants may migrate, southward across

Parham'Road. ~ " "".: " . - - - - - - - - -

Aqueous phas_e: gpntaminants.an .the weathered granite- -

aquifer"; migrate ..""to ...the north,,t.ov;ar.d..iNQrt_h Run Creek. Flow

to,-:the..south, acros-s.--Pa.rham Road, "is possible, in the same

area where flow-to the.south occurs in the shallow perched

water^ table. — . . . . . . . . - ' . ' .

Areas that^.are potentially affected are shown within

the. •sfpproximate_..z_ero._ contour .-"in ...Figure 10V Ground-water

monitoring wells are located over ..much, of. this area. To

accurately delimit: -the""a~r"ea of contaminated grounrL water,

however, "additional monitoring "wells," arid1monitoring well

nests, are required.. " Recommended locations" are shown in

Plate,..8. "" -- - - -- -----=-. ---

Two. of the_recb.mmeride"d "monitoring veil nests -are. ......

located south of.^P_a"rham Road. If -.aqueous :- contaminants are

detected -in these :wells=, then further monitoring in this

area will be required.. .; Two., additional monitoring wells .ar
r

recommended ."just no.rth of .Parham Road; the east-most

location will provide -.'data"" oh" the potential flow path -

crossing Parham Road, and the western location will allow

the-extent of .decontaminated ground water...in this area to be

deliruaatedV .̂  l̂  ,-";'- , ..!T±:"."—:.-= -..../.̂ rrH""7U:;l---"..!=-:" -. ""- .
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Additional monitbrThq wells ' locations; are "also~

recommended north of T the... site, on both sides of ITorth Run

Creek. .Data, from .these ,.wells "will/.allow the areal extent of v

contamination to - be,determined, arid'will confirm ground-

water ̂f low into North Run Creek from the nprth.

77 ' ' '
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REMEDIAL METHOD
(tied)

Contamination _o_f__ soil .and/.griryri'd Jw.ai-.er. at. the: Virginia.

Wood : Preserving Corporation s.i.te, warrants., jthe design and

operation of., a. c.ontâ in|int.;r.ecQv"er-y "system... _ Although many

remedial options are possible, several basic elements are

essential ..for a-_successf ul_ clean-up., of ..thi.s site. These . .

elements a.re: .1". . —̂ ._~~̂ .:._̂ r-~. . '.!,. T." .^ -1~"1̂ _. L ., - . "- -

1. Excavation and disposal of. contaminated soils? or . ..

excavation of.highly contaminated soils, followed by

treatment, of. the remaining -soils; "" ' " .

2. Hydraulic— isolatio.n:;o..f̂ the site, subsurface, through

pumping wells Iri.the weathered.granite aqulf&r, and a

perimeter, fr'ehch. drain in th.e sh.a_llov; perched v/ater..

table, to prevent the migration "bjf"ground water from

the site, followed, by" appropriate treatment of

recoy-ered, v/at.er,»,̂  For cont.ami.n,ated_,.grounci Iwater outside

the site perimeter,_ _n_atu_ral^or.^_ej3ha_nced degra_dation, if.

feasible, or." recovery and treatment;

3 . Surface, water., isolation, . to .prevent the ..migration, of

contaminated -run-of f̂ .:£rom~th.e. site, ' and .minimize

infiltration Into .soils;

4. Continued "monitoring of .water quality.

Plate.S. shows' _Yariq"us".:.ei.l-ements-,....o.f the recommended^ remedial.

action plan, referred -to" in" the . following ; discussion.

Excavation__of"."Contaminated . Soils.- .

- -" 70 . ; = ' - - - - - -
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[

Based on the a'real extent and depth" of contaminated

soils., as illustrated in Plate 7, as much as 500,000 cubic .
__

feet'o'f contaminateii" sediment may exist on and around the

site,. The... soils, in the. vicinity of the concrete holding

pond, and the covered :hblding lagoon, have been contaminated

to concentrations that may inhibit natural or enhanced

degradation, .and it .is therefore, .considered, more cost-

effective- to- excavate and dispose of this .material rather .

than attempting to recover the._p=ro!'duct..-, ..These areas. are -.

designated as areas requiring excavation i.n_ Plate 0, and the

volume of -these, sediments -is e_stimated to be between icn,0^0

and 180,000 cubic,. f eet . T ., Disposal "..can be .acheived by removal

to an approved... .disposal ; s ite, or "en-site incineration .

The .area! extent", and estimated depths, of the

remaining contaminated "soils azie~-"sh"own" in '.Plate .7. Several

methods of.-. handling these= remaining ' contaminated sediments

should be considered," including: (1) excavation and

disposal, either by removal to:ari' approved disposal site, or- ._. .. _ _ _ _ _ . ....._.._.-, .. . ..
on-site .incineration; (2 ) excavation^ and disposal of soil

with non-aqueous phase liquids, followed by on-site

treatment, either by isolation o_r;:managed Tland application/

of the remaining "s~6i"l;" or.l(3) recovery of .free-floating

product ._fjrjam"_s-hallp,w reip.very wells, or _l_ateral french

drains, followed by iri-situ enhanced blodegradation.

Options two and _thre_e will .require, a feasibility study to

determine the reliability, of. the- methods.

Option one, /excavation and disposal o;f the remaining

contaminated, .soils , would be the most, costly option of the
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thr ee. It does - hav e._ significant.. advantages , however. fht>^

Exca.vatio'ri~woul.d elimiriate-.the source. o^grqoand-water

contamination quickly aha effectively. Annual operational ,j. .. .. j ... . . . . ̂  . . . . . . _ }

costs for this element ,of. the remedial plan, associated with

options two- and three, would-be eliminated for this element -

of the remedial plan.

Op'tion two involves excavation and disposal of soils .

which contain free-floating non-aqueous liquids, and which

therefore may" riot be susceptible to "natural, or enhanced

degradation, followed by on-site-treatment of the remainder..

of the soil,. Basically;, this option would involve careful .. ..

examination and analysis of ...the excavated "soil, and

separation of ,s6".il-.tQ. be disposed of based on criteria yet . - .. .".

to. be dete_r_m.in_e;d. The. remainder', of _ the s6il would be

tr,e.at.ed-on-site, either; -through isolation, land application,

or enhanced biodegradatiori. . - - - • • - ••

Isolation b"£..soils.: with trace, levels ..of contaminant may:

be viable, provided that hydraulic_isolation is acheive^I, no

free-.£loating non-aqueous;" phase liquids" are present, and

natural or. ."enhanced ..d._eg£1a_3ation.. oî the ; remaining.

contaminants.", occurs * Larid.:application .Involves careful

spreading of cbritamiriat̂ d soil dy4r.=ra7._lAr_g"e,".hydraulically

isolated .area, and naturally enhancing "degradation of the

contaminants through x̂posuire'.'.'to;.. sunlight , and the

atmosphere, and breakdoy/n and adsorption, by plants and

natural bacteria-.._. . ":;.:"..- : :. ----- - - — --—.-__ :

Option thr.ee: is_bas_ed-on "the _as:sjamption, yet to. be._

confirni'ed, that the balance..of the contaminated soil not
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caja.._Jb.e_.t,r.eat.ed on.-site ..by some form o:£ enhance.?

biodegradatibn...;.... ;This .option also-assumes that a majority of'-"!-

the ,free,-floating non-aqueous phase'liquids can be re-covered.,>
through "shallow recovery wells'," or:"lateral" french drains.

Potential problems that may be -encountered.with such

recovery systems..have . been._.discussed._previously. Although

this would"be the most cos.t-ef f ective option if the site

were to-remain in operation, the suitability of this system "

must first be demonstrated by a feasibility study.

Hydraulic-rs'olatioh.o'f "the .Site . .. . ... .,-._̂ _ .—

To"" prevent migration of-oontaminanteot-.-ground water off-

site, the site must.be hydraulically isolated.. Bast.-l on the ._.,:

results_..of" the ground.-water flow., model, approximately 135

gpd flows .through the" siteYi...̂  Pumping" collection systems ,

however, will'.increase the..\f low-of-ground water, into the

site. .- Therefore, -Tthe" amount of ground water which must b.e

removed .J: rorn the. aquifers:, and treate'l, will necessarily be.

greater :than.. 13.5- .gp.d. pi.scharge;.;from pumping wells and the -

shallow french drain should, be routed to.-a holding "lagoon

for "ternpbra~ry "storage],. ..and treated.

To, ;evaluate-.the most "efficierit and "cost effective

pumping rate; and ..pumping well .orientation, it is.

recommended that several aTterriative recovery scenarios be

incorporated into .the -grpund-water.: model. .. This study, in

conjunction with a pumping test of. the weathered granite

aquifer ,""will allow ...proper design . of .the. pumping wells and
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should s.erve as :part .o£."a "feasibility study for this "portion
fife

of .the remedial .action/plan. " - - . - - • = - . - - - ^-v
Based. o_n_ th.e. estimated—extent of/contamination, shown ',

in Figure _10., contaminated, ground water/ may exist over an

area as. large. as_3_0 -acr^s . __/ -It will be...difficult..to. attempt-

to recover contaminated ground water__.over_lthis area with on- - —

site collection systems, because.of-the relatively low

transmissivities in the weathered-, granite, aquifer.

Therefore/"to determine the required remedial steps, an " ~

investigation should be'undertaken that" further, evaluates

the rate ..of" migration, "and. t1̂ ¥§""..exten_t_;ci.f7._n_a_tural degradation

of the or^ariicT'eompounds. . . . " . .__._._.__ '_:. . "V. ; . " / _ " " "

Previous, investigations have shown1" that natural,

degradation of., jiheriolics and polyriuclearr . aromatic

hydrocarbons "typically occurs within"-approximately 2000 feet " .

of the source-_:6f"r~.c.onta"m:inatit. _ If..the spurce of contaminant

at the..Virginia ,7-Jood preserving Corporation cite is

effectively removed", 'theri it:may":"be poss'lble to rely on

degradation by the mi.crpbiolo'gica;! eco/syst-em in the" ground- -

water-system, and adsorption by clay minerals. In fact,-

because: o"f relatively slow, migration" rates o.f organic -. .

compounds, it may not be possible .to recover.the

contaminants with a large -scale .pumping system before they

degrade,; na..t_ur_a_l_ly. ...If /this option proved riot" to..be ..

feasible, "then" enhanced bioreclamation should be considered.

Xo"./GontrQ;L...the___influx of shallow ground-water..during ._

excavation, avoid release of contaminants during excavation,

and . recover.;any remaining non-aqueous..phase liquids, a
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perimeter .french" "drain 'shonld _be: installed around the n

where^fxee:floating non-aqueous .phase liquids have been

detected. .(Figure""?). The fre"nch drain would extend to a. "~

depth ranging from .three .to,,.eight .feed;, and be,.ex.cavated

into, but not.penetrate, the-friable.sandy clay at the base -

of .the regressive.: fluvial s.edimerits..... The total length of

the required, french drain__wilX~be approximately 2200. ft, an-1

would . average a/de"ptlY;of_ five. feet.: /The french drain will .

be located around the area designated as"" the controlled - .

area, shown in Plate .8. Discharge from the french drain

should .be ..routed to a holding lagoon for., temporary storage,

and treated. --:/ ..". ."-.- /"/ .".../_ -_._--'. " . . . . - " .

Surface .Run-off. Management, Plan

Contaminated run-off .-presently .flowsjDff-s.ite to the

north, toward_=North Run CreeX, and into the areas of

standing water shown on Plate 2.: / in the future, to prevent .

contaminated .".ru'ri-ô ff" frblri. leaving 'the. site, surface water

must be isolated on-site.-- The basic .elements required to

isolater'surface" waters /6ri"-site .are:// ./.,// .":" ."

1. Re.gradirig ..of. the..'site, s.o. that, .surface -water, flows to

perimeter flitches ; . . . - - .

2. Installation of ditches, or." culverts, to., intercept an-1

direct._run-off;" " " " . " . . . . - - .. -/" . "

3 . installation/of "b;e!rms , ' surrounding the ditches or - .

culverts, to prevent overflow;

4. Construction of. a~"surface" water retention area, to = .

collect .arid, store, run-off.
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._...,. ... . ,
Regra:din_g bX..tlrLê site., should place the maximum elev.ation a'4'

the., center o~£ the. site,1 and direct run-off towards ditches.

or ..culverts..at...the perimeter of the site, / .This .arrangement '*

will prevent"p"6"ndirig_ of. .water, a"nd increased infiltration,

in the center o'f .the site. Culverts should .be use/?, in lieu

_of e^avated ditches., if. either option two or. three- of the

excavation program is chosen, or,-if the site remains

operational. . Design ofr-jthe .culverts a_nd...berms should be - :

based--on the maximUrn anticipated run-off.

To- reduce-infiltration into soils, a low permeability

cap_shoul_d--b_e^ placed ...over -the regraded. material . This may

be either.-.-_a^clay c.ap,.._or . an" "artif ic_ial .cap oJ: material such

as ,high density .pplyet.hylen.e ...(UpPE).,...̂., .The ̂ installation of

eithe'r'vcap wi.ll ..serve . tâ rjeduce..̂ ^ .size jof the treatment

volume, hov/ever, "the "installation of" an HDPE cap may be ...-_ .

impractical if the site; is_ to. .remain operational. Over the"".

lo_w/.permeability ca'p'," aj layer of pr-5"te"c""tive soil "should be .

emplaced. -_ If ."̂ the, .site .is _tp -be. .clcisê d, ..then., runoff .."and"

infiltration, can be further reduced by a vegetative- cover on

the protective-., soil .JLayet." "^ '.."-. ̂ -~v -- ;-/•
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Continued nphitori.ng of'Wafer/Quality ---- . ..

To continue monitoring' the .extent of. contamination, '"d'h-l

to evaluate effe.C-ts....af remedial action, a routine of

sampling and analysis of ground water ".should be initiated.

Monitoring wells "8" through 14, as well as the recommended

wells "shown on Plate-8, should "be included: in the monitoring

plan. " Sampling .and laboratory analysis ..should be_performed

quarterly. Quality control should-be developed and enforced

so that consistent and reproducible results are obtained.

After" reliable sampling 'and__ analytical results have been

acheived, "and seasonal" variations in chemical parameters.. arc.

understood, sampling .and'analytical results should be.

repeated as" needed, probably bi-annualy.

Sampling methods for., evaluating., trace; organic

compounds, and/particularly';volatile .organics, require the

attention of-sampling personnel .familiar with""proper"veil

development" arid ""sampling techniques ... .... SoplVi.sticatod .

analytical .techniques., with detection limits in the. ug/1 to-

low mg/1 range, are of. no advantage, with, improperly

collected", samples"*' Sampling techniques that, should be

considered - include .the tube and cartridge -metho'1, the use of

a low capacity .bladder.-rpump, arid "dedicated- bladder..punps .

Chemical parameters that should be analyzed are shown

in Table..10. These parameters" "are bassd on results of

previous .investigations, and similar, studies," and should" be

modified' as-"more"is learned about the nature, of the'

contaminants present.... . . . . ........i. '.
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Table 10 --Recommended chemical parameters for .monitoring program"/^'

INORGANIC COMPOUND'S" -

Total -alkalinity
Total Kjedahl Nitrogen
Nitrate Nitrogen
Chemical Oxygen Demand
Total Organic Gabon
Specific Conductance/

Dissolved Oxygen
Arsenic, .... -.--,
Aluminum
Calcium" - - - - -"
Chromium
Barium
Chloride _. ..
Copper
Iron " "~
Manganese .-—=._. -
Nickel
Potassium
Sodium

ORGANIC .COMPOMMT '"*"" "^ T ̂" ''" '\~~ ~C^~ ' " .

Polynuclear-" Aromatic "Hydrocarbons" """""" Phenolic Compounds:
and Related Coumpounds: _.. .

Total PAH's - - , ' - Total Phenols
Napthalene - - 2-methvlphenal
2-Methylnapthalene 3-methylphenol "
1-Methylnapthalene . . . - -4-methylphenol
2,3 Diraethylnapthalene .. .... ". "2,5 and" 2,'4-dimethylphenol
Acenapthalene .. .. ..: . . - / — - - - -----3, 5-dimethylphenol
Acenapthene , .- - ----- -^-—-—— -^Pentachlorophenol
Anthracene ~. .. . .: ....:-:. . _ . . . - . " :
Ben2o(A)anthracene . ... . . . . , _
Fluorene " :" " :/: - "IV ' ~\ :- " ^ ' Volatile .CIrganics:
Phenanthrene _ _. . ... . ...- . _.- «.,— - ..=-::.., ... ......
Carbazole ._.-..__ ...„_...____ V-7 /.."." . Benzene
Fluoranthene _ . . . . . . . . _ . Ethylbenzene
Benzo(k)fluoranthene Tolulene =
Pyrene_... .-.. ._. _̂ ._.. .._.____„__„_:_ ;__._;.'
Benzo(A)Pyrene-, ,--,...„. . ,, _: --.;/-:r.-
Indeno (1 ,2,3-cd)pyrene _ ;
Benzo (g,h,i)Perylene _,:._. . ._ ..
Chrysene - -— . . - __ _____.- ,-,-.'- •--• .
BenzoCA^pyrene _ . . . . . . __
Dibenzofurari

BEXNETT c- WILLIAMS, INC



Discussion".. T. ._~/~/_ —.:..- .../-: . . .;__:"" ~;- •"... ../...

Within the framework off the. reitieSial methods discussc T.

above, there a"re'a. number .of decisions which must, be .made.

The .principal f actor-s -to .be considered in making these

choices .are -technical -feasibility, efficiency,

manageabilityr and incurred liability. The ideal, solution

favorably combines all the above factors.., however, in

reality there wiil_be a.: trade ,o.f f,. For example, a decision

must, be "made, regarding" .whether, contaminated ...soils arc..to_,-bc :

removed an.d__._l_a_ri~df i.llex;L..at_ :a.n approve^ ..sjit.e.!, incinerated .at.

an approved _site, or- inciner.ated.-O_n-s_i.te.... .Although it

appears to-be .co_.s_:tr-ef f e'ctive -.to. .landfill" the contaminate.;! .

soil, the "joint and several.liability" provisions of - - -

present law may incur. long-term liab_i_litie;3. -Incineration

-at-an"app.rove:d site,.may prove to be substantially nore" ... ""

expensive than "the. cost ;of _. TandEilling/ but presumably once; .

it is iricinerated/ long-term liability is .minimized. On--

site. incineration is -a- relatively hew method of treatment,

and although the method may prove..tcube^ technically

feasible/" the. c"o"s"t. effectiveriess", "ani.1 iiabi.lities, incurre:;,

remain uncertain.

Another. .deci.s:ip_rij:wh.ich..m"u"s/t be made" .opncerns the

continued -.operation of the.".plant". ~ Tf "it i's d.ecid-eO to

provide ...on-site tfe'atnieht". oTf._ t_he_;..coritanl_ria;tecl soil^or water,

and. contiri'ue. operation of the plant, then increased

maintenance of the-cap mateir.iaX.arid ot̂ he'r" elements of the =

remedial. _s_ystem will probably be required." "'Quantities of
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water , from sur"£.̂ .e_jr:u"h-;o££ /an_d _ ground-water-, will probably

be .increased.-withQ.uf'.a ;.w.ell developed vegetative -cover ... -p

serving to reduce infiltration. _ ̂  "".; .1... <Ketf?_

Unproven technologies, such as controlled natural

degradation, on-site incineration, and land spreading, as

well as technologies that have notE_]peen thoroughly tested

with the. contaminants particular to. .this site, such as

hydraulics-recovery of non-aqueous . phase.- liquids , and

enhanced biodegracJation,' v?ill require.:thorough investigation

at .considerable expense.7 If' these ..options are proven to be .„

feasible, however,"the efficieny and cost effectiveness of

the...remedial-operation may be .greatly__e_nhanced. Therefore,

perhaps the'/ifiost basic decision to -ber.made, is~ whether to.use_.=,~ _,,

well established . remedial .op'tion'sr,̂  which" may be less . . . .

efficient jahcT le.s~s~:"/cos/t-:e£fe.ctiva; or consider; remedial

technologies... that will incur greater-investigative costs,

and may potentially" _i_ric"r:e-ase. ;liability..and. accountability,

but .may significantly "incre_a_se. e.ffluency and cost

effectiveness/./.. .Th_esa-,_basiq... approaches , as', they apply to.

this/ S-itev"~a"-rie :outlined_belov;: ./_.i " '/ -

Alt.ernatê .A:

1. llydraulically. isolate the site, _bpth_ surfacerrand

s"ubs.ur'fa.ce. .In_d.uce:./flov;._o..f. coritamina.ted ground v/ater

tov;ard . the" site--for;, treatment". . . " . _ . . .

2. Excavate ..and remove all s.bils^contamihated in excess .of

pre-set-criteria, with:

a) landfill...disposal option . ... "" =

b) incineration disposal option"
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c) . on-site incineration disposal option to

3. .- -Cap"". with HOPE," or -equivalent /cap, establish' vegetative .

cover, and " close, s;it~e. - ."-""". ./._.:".:..

4. Obtain RCRA permit. Coil-eat-.. and treat ground water, as

needed,.., .Monitor and operate, system until acceptable

standard- attained,' or permission to discharge to public

severs ;recieved .

Alternate B: : _ • . . ." . . .

1. Hydraulically isolate the. site, both surface and

subsurface, investigate .technical "feasibility of

natural or "enhanced -..degradation of contaminants. -

2. Exca-vate and .remove soils requiring excavation, shown

on Plate 8. - ;";j_" ;/':-/- -.j.///̂ "/.-̂ :/: "; . :"

3. Investigate remedial options for. on-site treatment of

remaining contaminated s.oils , and "remove those , -soils

determined to .be/. .too contaminated -.for. on-site .

treatment, with;

a) landfill" disposal option _= : _ :

b) .. incineration disposal option ;

c) on- site incineration disp_ps-ai .option

4. Obtain RCRA permit;.. Collect and.. treat ground water, as

needed t6"hydr"a'urlicaliy "isolate site. "Investigate .

remedial options for natural .or .enhanced biofl eg redact ion

of contaminated ground water."." Monitor and operate- - .

system until.. . acceptable . standard la.ttainecl , or

permission to discharge, to/public sewers .is recieve-1. .

Operational optionfe:

a) cap and close "s.tte.'-̂ ts!! ".treatment progresses."

09 ... - -..,. .:.,:;/.- . *
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continue plant .operation. _ajs. treatment

progress.es:. .:~:. - "/;...__/. i"-"̂  -. /^ ; \ . ' ̂

The .principal̂  difference.:between thê two alternatives

is .that .Alternate A-requires a Closed site, and Alternate. B

allows the option of. an open site... - Both of the alternatives

will -r-equire.__additipnal hydrogeolo;0.ical and chemical., data,

design pf.-.,s.nr..£a,ce—and.subsurface- Recovery Systems, and

feasibility st.udi.esl"_o.f-.-the recovery and/treatment metho:ls

used- Alternate A .can be viewed-as a combination of

established""and "conservative remedial options, with .

provisions tp ̂ minlmi^ze^liabili.ty... The .advantages of

alternate^A_must..be. .weighed against .the., decrease in cost .. .

effectiveness^ and potential d.ecre_as.e.in. efficiency and

timeliness "of-clean-up.' """"; """
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COHCLUS-IO173 ... . . 6hii,>
(ft*.

1. Wood treatment-.operations at. the Virginia V7qocl

Preserving Corpora;i;.i_O-n-..s:i.te=̂ be.gan in June,; 1.956.""

Contamination of..soil and ground"water-'.has Resulted from

seepage.jDf process .liquids .in .the .^treatment area, and

throug"h unlined. holding ;ar"easV ...Contaminants that have bcsn.

identified, .are compounds' associated with creosote,

pentachlorophenol,""arid CCA. Contamination; by other

formulations used at -the site, such as. CZ?i, xylene, and 13o.

2 fuel ceil ,-caiT ricrt""be '"evaluated, until appropriate chemical. .

parameters are'ianalyzed in soil and . ground-water samples..

Several,, elements" of the. wood "treatment .process-." that ...

contributed - to .contamination of soil arid ground water, have .

been removed. Other" elements responsible for. contamination

are,not currently in .use*..=. sou"r.ce'ŝ ,.of...ground-water

con taminat ion/at... pires en t consist of immiscible liquids

present-.in _soils ..on-site, "the co"yef_ed holding lagoon, an-;l

occasional seepage .of .CCA £rom...±.he_t.r.eKtment process.

2. " Bedrock-be.nea.th the/ site "is. .tipper-Paleozoic Petersburg

Granite. --This.-unit is relatively imp.erviptrs .-to infiltration

of "surface-water,/" and ground, water ...from.shallow water- .

beajring units,, except through fracturesi-=an3 severely jointe1

areas... Joints .in the unit.are. typically "horizontal, or...

vertical-, and trend"" in a' northerly or ..easterly, direction. "\

fractufe//tfdc§ a"riaTy"sis "revealed/'rio; aisclerh/al3le. surface..

expression .of- fractures._;t_ren_din_g; through th.e_ site.
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VJe.l_L.D2f a deê ŵat'er ̂ sT"upply well 6n:-"site, may be

contaminated-,through cross-cbhne'ction" with shallow water

bearing units. Potential, contamination oi: the granite . '

aquifer, by cross-connections, or through hydraulic

connection., through fractures, "e~sn not .be evalutated. until

additional monitoring wells, screened within the granite,-. .

aquifer, "are.- installed.

3. Ground-water- flow within the weathered, granite aquifer

trends -to the north and"northeast across the .site. Aquifer

boundaries, occur to : the south," trending along Parhara Roa-1,

and to the ..north, along North Run Creek.' A shallow perche.l

water "table,.occ"uTs 'within the" regressive fluvial sediments

that unconformably overlay the weathered granite." The

shallov/ water, .table .Is'̂ p/ercheQ. by "a", hardpah,, or friable

clayey sand layer", that has : developed", at. the base of the

re.gressiver-.sedim.ents. Aquifer boundaries wj-thin the shallow

perched water table:-a"r_c"";consTis"_tent wi.t"h..bcund.ariss- in the

weathered granite-aquifer, "except in ar.eas'^of standing

surf.ace...water. Ground-water mounding in. these areas causes

local- deviations in 'flow within the shallow perche'-l v:ater

table. . _._ .__- _;.-.."̂ ._ --.-. .-- "-:~ .v.: ._: - -:--:-^-, '- . - -

4. The..ground-water flow-model, calibrated with- geologic -

and hydrogeolQ-gi.c"7parame:ters estimated .during this

investigation, indicates that approximately 1 35 . gpd ,"~v?.s

flowing through "the site/in, late -January, 1 9.G5 . .

Transmissivity of" the.-, weathered grknit.e/'aquifeiv.is estimate:.!

at._9-.2 gpd/ft, plus or., iriinus 4.5 gpd/ft.; .The hydraulic., _

condudtivity of. the- regressive "..fluvial sediments "is . .
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estimated to-vary f rorr1?./2 : to. fit 'O :§pd/f t ,: and averages 1.3.

gpd/ ft ._."_!!_ : "" __
5. Surface/run-off o£ process formulations and

contaminated water .has resulted in soil contamination over-ia

large^portion. of the. .site, and- in several ..areas around the

site.. A culvert -under Peyton Street appears to be .

responsible f or___transpbrt of /."contaminated water into. .the

area of .standing water southeast of Tthe site. Contaminate'!

waters., infiltrating into-the shallow water bearing units in

this area, may flow to the south, across Parham Roa3.

6. Gro'und-vy^teJr 'itio'nitor'in'g "wells', l",' 2~, 3 ,' 4, an̂  5,

installed- during"":a" pr'evious investigation,, are constructcl

in such a way that cross-connection, and adsorption of -

organic "compqurids' "orx; the well -.ma.teria.ls 7 "may be occurring.

These vtells, and .deep v/ells" Dl a.nri"D2, may" "be cross-.

connecting water- -.bearing units . o.n-'site.

7. = O"rgan"ic:--̂ c:b-rnp"D"un"ds have .been; . observed in "three liquid'

phases., at., the . sXtê j". a." light immiscible liquid, a densje .

immiscible liquid, and an aqueous" .liquid. " The n on -aqueous .

phase., liquids a.re ̂ pr"6babl""y"13erlvatives-.of icrbo'sote an.l

pentachlorop"henol/,__aji"c3 ".the" aqueous, .phase contajninants r.e.suTt

from the slow dissolution of non-aqueous, phase liquids, an 1

infiltration" of cori^smiinated-su'rfa'ce^vater. •

The .non-aqueous phase liquids ...appear to be ̂ .relatively

immobile, arid confined to the site." -The light immiscible- - -

phas_e is- present v/1 thin ̂ the ^capillary. zonGu.a.nd .upper portion

o.f. .the. waTie ratable zone of- the shallov. perched water table...

Fr.ee-f lowing ̂ light Immiscible liquids "have/ "been ibbservec 1'n

BEXXETT & WLLIAMS. n



two borings and one "well on-site. — -The ~cl ens' e immiscible

phase is" yith.in_the_-._lovMr ipbrtidriV1 of _tlifi. shallow per.cho-1

water stable, and probably can not migrate through the

hardpan, or friable clayey sand layer, bectmse. of the largo

capillary forces, .encountered. . . . , . " , -L.. : , ,

Aqueous phase, contaminants within the.shallow water

bearing units are largely derived, from/dissolution of. the

immiscible, liquids......Therefore, contaminant concentrations

are controlle-d^by the. solubility of the ..immiscible liquids.

Aqueous phase, "contaminants may be- present over, an area of

approximately J0... acres . /..Migration, of. these contaminants

appear_s to be controlled, .by aquiT"£e"r boundaries, and is

probably influenced ..by "natural degradation..
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RECOMMENDATIONS
<
tferfj

1. The ground-wateiL monitoring "Veils, installed .during a

previous investigation pf this site,,are possibly cross-

connecting the shallow perched water. Cable and the weathcre:"1..

granite...â quiflerjiL-Ma.terlals.. ..used. to. construct these. wells "'

are._n.ot_appropriate for; monitoring organic compounds.

Therefore/-' it is" recbirahericTed that'Velis.- 1 / 2, 3, A, and 5 be

removed, prop'erl.y.^plugged, "and" replaced.-' - ;wells G and 7

should be sampled, and if organic .compounds are. .detected,

these wells"sh"ould alsoTbe. removed, propcriiy plugged, an-!

replaced. ..._ .___-. _-1--L-—. ._.;___ __-_-.__.__ .. ~ _. _ ___. -_-.- -..-.. - - .= ,-

2. Als.G, J"the deep water wells, on-site/may bo cross--

connecting the s.hallpv; water • bearing" units, and the granite .

aquifer,—thereby Tprbviciinga^._source",a£; cantanination of. the

granite^aquifer:. .__Thr.eeri.d.eep monitoring v;ellG v;ithin the

granite aquifer^^re rec.p.mrnend.e'd SQ, that, "ground-water, .flo::

directions, and gradients .."can" bjb ..determined, ' arid potential -

contamination of this..aquifer.-can be evaluated. Monitoring"

of static water .l̂ vel," "and "test .pumping", of" thesc-wells" '/-ill

be required to determine any h'ydraulic .connections between

the granite aquifej:". a_nd.4ttie, v/eatherecl .granite .aquifer.'

Locatibrlrs-:..for" these".w"ells-.are .shown in Plate 8. .
_ _ . -

3. " Additional ;moriitoring"wells, and monitoring well nests,

are .needed within" th~e"shallow water bearing units, to-

further, delineate, the extent of .contamination and evaluate

ground-water- flow.̂ .and _. potential c on t ami riant migration to..the
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south of "Pa.rKa"_rn. Road . Locations f of " the's'e

monitoring1 wells, a'rer̂ shown in Plate 8...""

4. Quarterly sampling and analysis should be pcr£orme:l on

all/monito-ririg "wells until, sampling arid analytical

techniques that .".are reliable, and reproducible are developed,

and until seasonal .variations in water "quality are

understood. One upgradient, and "two dowrigr a client sampling

locations should be. established on north Run Creek, anO.

included ." in the, sampling; and ana lysis., program. Sampling an 1

analytical- methdds//should address the potential problems

inherent "in evaluating quantities. -O-f- trace :and volatile.

organic compounds. ;Chemicai parameters which should be

evaluated are/shown in Table 10. As the data. base ic

expanded, .this list .should - b'e modi'f led . accordingly .

5"." Contamination of soil and .ground .water at th.e Virginia -

Wood Pres-erviHg": Corporation site vrarrants, reined ial "action .

Options that will clean-up "the exls-tiri/g contamination, an-1

prevent... contamination in.jthe f-u.tureT..are" dis;cusse'.l. " The

remedial methods ; selected will depend on a number of - -

factors , including technical... feasibility, efficiency and

timeliness/ ma~nage"ability , and incurred "liability . Ho'.jever ,

the.._f ollo\7ing esserftial. elements of ~ the remedial plan

include:. _(1) the excavation and disposal - of., a. minimum o.f

100,000 cubic:: feet_.b"f . coritamina"ted soil", "as:""shbvn in Plate,

0; (2) hydraulic isolation ~6.f. the site, through pumping". of

the weathered. granite aquifer, and emplacement of a french

drain .in the". .shallow, "perched .water .table .zone, followed by.

treatment of . recovered water;"1" (3) installation of berms
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and culv̂ ents . a-rourid the" Vite""perine"ter, :arv,T" r'ecjrading of

site, to control surf ace ""run-off; ' and"" l~4 ) continued

monitoring of water levels and quality, to monitor ground-

water contamination, and evaluate the.effectiveness of.the

remedial metho'ds.... " " "" .. . _'" . .-.,, . .

G. To design..or .operate any remedial plan, additional.

hydrbgeplogic.al. .and c.li'eiriicja_l_d_aî a_,muGt_ be.- collected, and

intera_ctlons between the contaminants and the .soil and

ground-water .e_nviro_nments must be _more™clearly defined.

In the discussion df remedial methods, several .optiqn^

for each of=tfie .basic., elinents of/.the required remedial plan

are_;outlined.. - -In an e'ffoft to/utilize, the'most efficient

and cost-effec.ti_ue"""me"thQtTs/"p6ssibl"e .at".the site, we

recommend that the following "investigations be un:le.rta';en:

A. Physical and. chemical; .dia"ractel:is.tic.s_=o.f,_ the non-aqueous

phase-liquids.., present, "'and the "Interaction of these. .

liquids witĥ th.e ..soils^_"present, " shbuTd be determined.

This will "allow" -the feasibility of "a/ sh'allo1:; recovery

system fp?T"]thes"e contaminants to., .be -.evaluated .

ExcavaTtion criteria,"::ah"d the feasibility or in-situ

treatment, based ,on the., concentrations :oT contaminant

inhibiting natural or enhanced degradation, should be -

determined.-- ... / - -.——-——.— .._._. _.._.". . . . . . . . .

B.." ""The effect. o£ltH"e~microbiological . ecosystem in the

ground-v;.ater. system; on contaminants..,.should be .

investigated, ~so" that natural degradation rates can be "

estim.at.ed. Based ..on this,._inves"tigation, the need. far..
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biodegreda.tipn,. or a-"largeT^scale Ve"6bvery system for"

aqueous contaminants, within the weathered granite

aquifer, can be evaluated. /

C. A pumping.well, and several observation wells, should

be installed at the. site, and pumping tests should be

performed, so that pumping wells foryhydraulic control

of the weathered granite .aquifer/can be designed. The

ĝ ousd-water̂ rriow..̂ ©̂ -?̂ , dey.elpped during this

investigation, should be used to evaluate various

locations 'and spaclngs for the pumping wells. Based on

the -results of-"the ground-water-,flow model simulations,

a -configuration of .pumping _ wells_which minimizes the.

amount of water requiring treatment, and efficiently

controls ground-water _flow within the^weathered granite

aquifer, cari be implemented." The ground-water, flow

model .should also b;e_. used :.tQ" evaluate ; the ,

influence of "excavation, and emplacement of the french

drain, on the - free-f loa"ting nort-aquebus. phase

contaminants ..within the., shallow perched water table....

Respectfully Submitted,
BENNETT & WILLIAMS, INC.

Don Clabaugh " ;;
Project Geologist

Truman W. Eennett -
Principal Geologist
Virginia. Registration No. 000-293
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Table A - Symbols used in soil descriptions..
i.̂ iÂ
flfed.

Fill Friable clayey sand

Clay ;;;;:;.•:;. Loosely cemented clayey 'sand
- ----- - Fp^

Sandy clay £3±j Weathered granite

Silt . . . . . . . ;';•;• Silty clay and sand

Clayey sand : ;; Granite

Boring descriptions from previous investigations of the site are
presented in this section. Borings which have been renamed arid
shown on Plate 2, the site location map, are listed below.

Boring Designation on Logs Boring Designation on Plate 2
B-i P
B-2 Q
B-3 - : R
B-4 V
B-5 V

During previous investigations, two borings, each called B-2, were
installed. The name of the boring on Virginia Wood Preservers properly
is B-2 on Plate 2. The boring in Parham Forest is renamed as Boring ̂
on Plate 2.
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(fed? *

BORING: GMW3A DATE : 9/l»/«5 PROJECT: VIRGINIA WOOD PJtESEkVEKS
METHOD: 3.5" HOLLOW STEM AUGER

I

-5—

-45-

gp
•IV

-25-

1
SSI

SS2

SS3

SHI

o

15"

13"
16*

IS"

PB
MB
TB
AT
IO
*

BF
TO
If
f 

<6"
>

20-12

3-4*t »

8-12

____

SURFACE ELEVATION : 209.1
g CASING ELEVATION : 209.6

S SOIL DESCRIPTION
...... - - - . . . . .
----- 0.0-1.3' D*rt gray clay »nd sand, sojae silty, dry. very
JHI stiff. Faint product odor.
Ill j. 3-3.4' Light brovn-yellov sand acdcUy, some silt,
W| j&edium stiff, damp, aemi-plastic. Faint
!>6<>- product odor.
x̂ 3-̂ -6.6 Ycllov-farovn fine to coarse sand and clay,
>££> some silt, very stiff, friable, dry to damp.

.Product odor.

. __ . —————————————————————————————————
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BORING: GMW2A DATE : I0/S/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3-5" HOLLOW STEM AUGER LOCATION- HENRICO CO

I

-5-

5

**nJLU

.

a
*» 1 PM

KT
RA
T1
0N

BF
FO
BT

 <6
") SURFACE ELEVATION : 208.0

g CASING ELEVATION : 209.0

3 SOIL DESCRIPTION
; v» NO SAMPLES WERE TAON. LOG IS EXTRAPOLATED-:-:-:-: FROM BORING GMWZ.
BBS"R 0.0-2,5' Yellov brovn red and gray clay and sand,
Hi some silt, medium stiff, damjp.
PP 2.5-3-0* Gray and yellov-brovn sand and clay, some
>£X> silt, damp, very stiff.
>XX 5.0-7.3' Light gray fine to coarse sand and clay,
*X> some silt, friable, hard. damp.
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BORING: GMW3A DATE : 9/10/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3.5- HOUX>W STEM AUGER LOCATION: HENRICO CO, VIRGIN,A

i
1

-3—

in

-43-

"

"*•!Cj

SA
MP
LB

SSI

SS2

SS3

SHI

BE
CQ
VE
RY

15-

13-

16-

13"

PS
HE
TB
AT
IO
K

EF
FO
RT

 (
6M
>

20-12

3-4

S-I2

SURFACE ELEVATION : 209.1
g CASING ELEVATION : 209.6

3 SOIL DESCRIPTION

-;-;"v- 0.0-1.3' Dark gray clay and sand, some silly, dry, very
|ff|; siiU. faint product odor.
||1 1 .3-3-4* Light brovn-yellov sand and clay, some silt.
i§*: medium stiff, damp, semi-plastic. Faint
\>s> product odor.
,xj>5 3-4-6.6 Yellov-brorwn fine to coarse sand and clay,
§§ some silt, very stiff, friable, dry to damp..

Product odor.
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BORING: GMW6 DATE : 8/29/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3.5' HOLU.W STEM AUGER ^̂  ^̂  CQ ̂^

sf*.
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SS4

SS5
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SS5
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8-1 1
-13
5-IJ-
-13

JS-23

25-̂ 2

13-75
QK303I

-V.V.

ii>-ij>-̂•$>•$>•<
§>•&*
*̂ <
(J>-.J>-t
«»*•<-«»-«»<
*^»<
0> '(.>-(:
>̂.(J>.(

•̂̂'•4
>̂ •(.>•!
JS>.*.5?

'• X-

;• £ :

SURFACE ELEVATION : 2 12.0*
CASING ELEVATION : 213-2'

SOIL DESCRIPTION

0.0-0.6' Blacfc clay loam, soft, roots, organics.
0.6-1.9' Gray clay and sand, some silil, soft, damp.

No product odor.

J.9-8.7* Light grav-vhite fient to coarse saod, some
clay, vith silt, dry to damp, friable. loosely
cemented. No product odor.

8.7-14.0* Light gray-brown fine to coarse sand, some
clay and silt, trace gravel, vet, medium
dense. No product odor.

14.0-21.0' Light gray-white fine to coarse sand and
clay, red-brown mottling, dense to very
dense, wet. No product odor.

fci
%
<>-*t>
»4
»4
O»

)

>•fr«•-*
V•— «

•̂*
»4
dk

H
S•-IWI
n
5o1— «1-4

> i fi n ̂  R ̂i ! U U \J O 0



& WILLIAMS, IJVC I
CONSULTING GEOLOGISTS

metfj

BORING: GMW7 DATE : 8/30/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3.5" HOLI.OW STEM AUGER UKUm*.. HENRICO CO.. VIRGIN^
XXft
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)

W.H.-
3-3

7- 1 003!

21-100

34-16
-16

10-12
-14

3-3

4-8
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ND

.....
*̂ .-.*
£}»-{M
S>-iH
3>.(M
&-?H
&•&*
*•$>«
&•&•*$-*H•;- --̂

:<4;

SURFACE ELEVATION : 210.0
CASING ELEVATION : 2 1 1 . 1

SOIL DESCRIPTION

0.0-0,6' Darfc brown-black clay lojuô  roots, organics,
dry, soft. No product odor.

0.6-1.9' Gray clay and sand, some silt, medium stiff,
dry. No product odor.

1 .9-2.6' Gray sand and clay, some silt, medium stiff,
dry. No product odor.

2.6-7.0* Light gray-white fine to coarse sand, some
clay and silt, friable, hard, loosely cemented,
dry to damp, red-brown mottling. No product
odor.

7.0-21.5' Light gray-white fine to coarse sand, some
clay, little silt, trace gravel, very stiff, wet.
No product odor.

Au ger refusal on granite at 2 1 .5' .
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BORING: GMW5 DATE : 9/25/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3.5" HOLLOW STEM AUGER _ inr
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SURFACE ELEVATION : 207.1
CASING ELEVATION : 208.2

SOIL DESCRIPTION

0.0-0,2* Dark brown clay loam, little silt, organics, wet,
0.2- 1 .5' Grey clay and sand, some silt, wet, soft. No

product odor.
1 .5-5-5' Gray sand and clay, some silt, trace gravel, wet,

red brown mottling, wet, stiff. No product
odor.

5.5-7.7' Dart gray fine to coarse sand and clay, some
sill, trace gravel, light brown-red mottling
dry to damp, friable, hard. No product odor.

7.7-8.2' Yellow-brown clayey silt and sand, wet, no-
plastic, soft. No product odor.

8.2-12.0' Light gray-white fine to coarse sand and silty
clay, red-brown mottling, wet, hard. No
product odor.

12.0-1Z.3' Gray clayey silt, wet, thin .sand seams. No
product odor.

12,3-17.8' Light gray-white fine to coarse sand and
silty clay, red-brown mottling, wet. hard.
No product odor,

Auger refusal on granite at 17.8',
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BORING: GMW9 DATE : 9/ 1 7/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3..V HOLLOW STEM AUGER IMAtMK: HEMRICO CO, VIKItilA
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SURFACE ELEVATION : 207.5
CASING ELEVATION : 208.4

SOIL DESCRIPTION

0.0-0.7* Dark brown clay loam, some silt, dry, roots.
medium stiff. No product odor.

0.7-3-5' Gray-brown clay and sand, stiff, dry, semi-
plastic. No product odor.

3.5-4.0' Light gray- brown fine to coarse sand and clay
friable, very stiff, damp. No product odor.

4.0-6,0' Light gray-white sand and clay, some silt.
dry to damp, hard, brown-red mottling,
friable, loosely cemented. No product odor.

6,0-9.5' Light gray-brown fine to coarse sand and clay
friable, very stiff, damp. No product odor.

9.5-14.5' Light gray-white sand and clay, some silt,
dry to damp, hard, brown-red mottling.
friable, loosely cemented. No product odor.

14,5-17.0* Yellow-brown silty clay ajid sand soft, wet.
No product odor.

17.0-17.6' Light gray-white fine to coarse sand and
silty clay, red-brown mottling, wet, medium
dense. No product odor.

Auger refusal on granite at 17.6'.
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BORING: GMW9A DATE: 10/S/85 PROJECT: VIRGINIA WGOD'pfiESERVERS
METHOD: 3.5' HOLLOW STEM AUGER UXXnOH: HENRICO CO, V.RG.N.A
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g CASING ELEVATION : 208.6
Mt> ——————————————————————————————————
" SOIL DESCRIPTION

Trrr NOSAMPLtS WKKt'lAKEN. LOG IS EXTRAPOLATED
:':":: FROM BORING GMW9.
•:::- 0.0-0.7' Dart brown clay loam, some silt. dry. roots.
""•• medium stiff. No product odor.
p̂ 0.7-35' Gray-brown clay and sand, sliff. dry, semi-
*&$ plastic. No product odor,
tffi> 3.5-4.0' Light gray-brown fine to coarse sand and clay
g||i friable, very stiff, damp. No product odor.
a***t̂  4.0-6.0' Light gray-white sand and clay, some silt,

dry to damp, hard, brown-red mottling,
friable, loosely cemented. No product odor.

6.0-7.2' Light gray-brown fine to coarse sand and clay
friable, very stiff, damp. No product odor.
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CONSULTING GEOLOGISTS

BORING: GMWIO DATE : 9/1 1/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3.V HOLLOW STEM AUGER LOCATION: HENWCO CO, VIRGINIA
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SURFACE ELEVATION : .2 3.0 . 1
CASING ELEVATION : . 2lO . 4

SOIL DESCRIPTION

0,0-4.3' FILL : Red sandy clay, micaceous, dry

4.3-5.3 Dark gray-black silty clay loam, organic rich,
soft, roots, damp.

5-3-7.4 Gray-brown sand and clay, some silt, wet, non-
plastic, medium stiff. Faint product odor.

7.4-12.0 Light gray-while sand and clay, dry, loosely
cemented, friable, hard. No product odor.

12.0-12.5 Variegated green, red, and yellow fine to
coarse sand with little clay, damp, medium
dense. No product odor.

12.5-16.6 Variegated red, brown, yellow fine to course
sa-od with silty clay, (race fine gravel, wet,
semi- plastic. No product odfor.

16.6-17.2 Brown-yellow fine to medium sand with little
clayey silt, loose. wet. No product odor.

17.2-24.5 Brown clayey sand with some silt. Mottled
intervals (3") of gray-white and red
brown, very dense, wet. No product odor.

Auger refusal on granite at 24.5'.
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S SOIL DESCRIPTION

H NO SAMPLES WERE TAKEN. LOG IS EXTRAPOLATED FROM
• BORING GMW10.

1̂ 0.0-4.3' FILL: Red sandy clay, micaceous, dry

=d 4.3-53' Dark gray-black silty clay loam, organic rich.
IJjl soft, roots, damp.
Ull 5-3-6.9' Gray-brown sand and clay, !?ome silt, wet, non-
i*™ plastic, medium stiff. Faint product odor.
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METHOD: 3.5' HOÛ W STEM AUGt« ^̂ ^̂  HENRIC() ̂ V|RGINIA
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SURFACE ELEVATION : 202.0
CASING ELEVATION : 205-31 0£.GfiUAL
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SOIL DESOIIPTION

0.0-0.3* Black clay lo&m. little silt, roots, damp, soft.
No product odor,

0,3-1-0* Gray-black clay and sand, some silt, lov
plasticity, vet, soft. No product odor.

1 .0-3.7* Brown-orange fine to coarse sand and clay,
light gray-green and red mottling, damp,
very stiff, friable. No product odor.

3.7-92* Brovn clayey sand, some gravel. Mottled
intervals (3") of gray-white and red brown.
damp to wet. No product odor.

Auger refusal on granite at 92*.
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BMWETT A WILLIAMS, fM2
CONSULTING GEOLOGISTS

ORIGINAL
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BORING; GMWK 1 A DATE : 9/1 3/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3-5" HOLLOW STEM AUGER ^̂  ^̂  ^ ̂^
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SURFACE ELEVATION : 202,0
g CASING ELEVATION : 205.0

3 SOIL DESCRIPTION

v.v. 0.0-0.3' Black clay loam, little silt, roots, damp.
.-IvX "° product odor.
.....
v.-.v 0.5-4.0 Gray-black clay and sand, some silt, soft, low
11 plasticity, wet. No product odor.

4.0-̂ .0* Brown-orange fine to coarse sand and clay,
some silt, very stiff, friable, light gray-green
and red mottling, damp. No product odor.
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BORING: GMWI2 DATE : 10/10/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3.5" HOLLOW STEM AUGER LOCATION: HENRICO CO, VIRGINIA
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CASING ELEVATION : 210.0

SOIL DESCRIPTION

0.0-0 3' Black-brown clay loam, some silt, organic rich,
roots, dry.

0.3-4.3' Light brown-gray clay and sand, some sill.
medium stiff, dry. No product odor.

4.3-5-3' Light brown fine to coarse sand and clay, moist
to dry. gray mottling, stiff. No product odor.

3-3-9.2' Light gray-brown sand and clay, very stiff,
friable, dry. No product odor.

9.2-31 .9.' Light gray-white fine to coarse sand and silty
clay, red-brown mottling, tkmp to moist.
medium dense. No product odor.

Auger refusal on granite at 31.9'.
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CASING ELEVATION : 208.8 (Red

SOIL DESCRIPTION

0.0-02' Dark brown-black clay loam, little silt, organic
rich, dry.

02-1.3' Light gray-brown clay and sand, some silt,
soft, mottled, organic rich, dry. No product
odor.

1.3-2,3' Yellow fine sand and clay, some silt, roots.
medium stiff, damp. No product odor.

2.3-3.8* Light gray-brown sand and clay, some silt,
red-brown mottling, damp, very stiff. No
product odor.

3.8-12.0' Light gray-brown fine to course sand and
clay, some silt, friable, very stiff, damp. No
product odor.

12.0-13.0' Brownish-gray silly clay acid fine to coarse
sand, soft, vet. No product odor.

-- —

-

13-0-42.0' Light gray-white fine to coarse sand and
silty clay, red-brown mottling, wet, medium
stiff to stiff. No product odor.

... .__ . _

. . . . . . . . .

. - . . . _ _ . . . . . , . _ . _ _ . . . . _ _ . _ . _ .
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SURFACE ELEVATION : 213.0 Qfh'GfiV
CASING ELEVATION : 215-7 ftetf:

SOIL DESCRIPTION

0.0-0.3' Dark brown-black clay loam and sand, dry
0.3-1 .3 Brown-red fine to medium clay and sand, very

stiff, dry, white-gray mottling. No product
odor.

1.3-1-8' Black sand, uncohesive, asphalt, dry.
1 .8-4.3' Light gray-brown fine to coarse sand and clay.

red-brown mottling, very stiff, friable, damp.
Trace gravel at 3-8'. No product odor.

4.3-14.0* Light gray-white sand and clay, some silt
trace gravel, red-brown mottling, loosely
cemented, dry todamp, hard. No product odor.

14.0-23-9 Gray-white fine to coarse sand and silty clay,
red-brown mottling, damp, dense to very
dense. Wet at 19.0'. No product odor.

Auger refusal on granite at 23-9'.
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" SOIL DESCRIPTION

0.0-03* Dark brown clay loam, little silt, trace sand,
soft, roots, non-plastic, wt 1. No product odor.

'-.-/;': 0-3-3-0' Gray-black sandy silt, some clay, low
v̂ &< plasticity, wet, medium still, trace gravel.
y&Z No product odor.
XK,

3.0-4.0* Light brown clay and sand, some silt.
stiff, plastic, damp. No product odor.

4.0-6.0' Brown-orange fine to coarse sand and clay,
light gray- green and red mottling, damp,
very stiff . No product odor.
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METHOD: 3.5' HOLLOW STEM AUGER LOCATION: HENK1CO CO, VIRGINIA

E«4

A«
U

-5—

in

7fi«-v

**

SA
MP
LE

551

SS2

RE
CO
VE
RY

14-

24"

PE
NE
TR
AT
IO
N

EF
FO
RT

 <6
")

3-s-iq

-32 1

SURFACE ELEVATION : 21 0.4

ID ——————————————————————————————————————————————————————————————————

S SOIL DESCRIPTION

::::\.-.v.-.j 0.0-1.0' FILL. Gray-blact sand and gravel.
x X /4^X 1 -0-2.7' Light brown clay and sand, some sill, very
&£& stiff, dry. semi-plastic. No product odor.

2.7-4.0' Light brown sand and clay, some silt, trace
gravel, hard, friable, some red and white
mottling, dry. No product odor.
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" SOIL DESCRIPTION
————————————————————————————————

^̂  0.0-1.1* FILL. Gray-black sandy gravel and clay, dry.

X™X •• 1.1-3.4' Brown-black fine to medium clay and sand,
===== some gravel, damp, medium stiff . Strong

product odor.Mgt *
«i&&

xJ6; 3-4-4.2' Light gray silty clay, wet, medium stiff. Dart
,Vv̂  brown non-aqueous phase liquid in some

pore spaces. Strong product odor.

4.2-6.1' Orange-brovn fine to medium sand and clay,
gray mottling, soft, wet, non-plastic. Dark
brown non-aqueous phase liquid in some
pore spaces, and on split spoon sampler.
Strong product odor.

6.I-7.01 Light gray fine to coarse sand and clay,
trace gravel, red mottling, damp, friable, hard,
No product visible in pores. Product odor.
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" SOIL DESCRIPTION
.. ._ ,
||p 0.0- 1 .0' Brown-orange clay and sand, some sill, damp,
fell stiff. No product odor.
P.P
'££& 1.0-3-5' Orange-brown fine to medium sand and clay.

gray mottling, stiff, damp. No
product odor. Wet at 2.6'.

3-5-4.0' Light brown, yellow, and red fine to coarse
sand and clay, damp to dry, hard, friable.
Faint product odor.
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^ SOIL DESCRIPTION
..... .. -_-.——,- ——--...- __ -.-;- _,- .- ̂  ,. "-:-

i|l 0,0-0.7' Light brown clay and sand, wood chips, roots,
||| stiff, dry. No product odor.

•̂ ^ 0.7-3.2* Orange-brown sand and clay, semi-plastic.
very stiff, dry. No product odfor.

3-2-4.0* Light brown fine to coarse simd and clay,
friable, hard, dry. No product odor.
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3 SOIL DESCRIPTION

".v-vM 0.0- U' FILL : Black clayey sand uid gravel, dry.

llf 1 .1-2,4' Dark gray fine to medium clay and sand, stiff,
fill green and red mottling, dry. Product odor.
$&4 Orange-brown at Z.O'.

2.4-3-8' Brown-gray sandand clay, soft, wet. Dark
brown non-aqueous phase liquid in some
pore spaces. Strong product odor.

3.8-4.6' Light brown-gray fine to medium sand and
clay, friable, very stiff, damp, gray mottling.
Dark brown non-aqueous phase liquid in
some pore spaces. Strong product odor.

4.6-5.5' Light gray-brown fine to coarse sand, some
clay, hard, friable, loosely cemented, damp.
Product odor.

SO
IL
 C
LA
SS
IF
.

PL
AS
TI
CI
TY

s-«f •a»-*»a
n
5ot-*+1

1004fil



CONSULTING GEOLOGISTS

•

j
.

i

i

.i
r
t

•
i
r
?.
li

(

Or',.-

(nt
[ ! i .-

*£-

BORING: GS DATE : 1 1/7/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3.5" HOLLOW STEM AUGER ^rAvinM HPHioirn ™ vrDriHi AUUCAI;ION: HC.NKK.U CO.. VlnuINrA

M
<=t

-5-

-48-

°n**

0*cj

,_
^

SA
MP
LE

SSI

5S2

SS3

SS4

BE
CO
VE
RY

9"

15"

24"

24"

PE
NE
TR
AT
IO
N

EF
FO
RT
 (
6"
)

2D-11
-12

5-9-1-3
11-15
-15

7-8-11
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S SOIL DESCRIPTION

.".-. 0.0-1.0' Black clay loam, some silt, trace gravel, dry.

.Ill 1 .0-2.6' Dart brown fine lo medium clay and sand,
ffl very stiff. Damp and soft at 2.0'. Strong«>•>*>-( •* * "$«H product odor.

-r^S 2.6-3-3' Orange-brown fine to coarse sand and clay.
: : x some silt, very stiff, damp, gray mottling.
' " ' " J L v t • • * W T * u r^^ Sir on g Produ ct odor .

3-3-6.3' Light gray-white fine to coarse sand and clay,
some silt, hard, damp to dry, loosely cemented.
friable. At 4.0', dark brown non-aqueous
phase liquid in some pore spaces and on
spoon. _

6.3-8.0' White-gray fine to coarse sand and silly clay.
red-brown mottling, damp to moist, medium
dense. Dark brown non-aqueous phase liquid
in some pore spaces. Strong product odor.
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3 SOIL DESCRIPTION

.-.-.-.-A.-.-. 0.0-0.7' FILL : Black sandy clay, trace gravel, dry.
Ŝ||i

0,7-2.0' Brown clay and sand, some gravel, very stiff.
•̂̂  gray mottling, dry. No product odor.

*MMi 2.0-3-4 Orange-brown sand and clay, some silt, soft.
damp to vet, non-plastic. Faint product odor.

3.4-4.1' Brown-gray clay and sand, some silt, stiff,
damp to wet. plastic, red and orange mottling.
Faint product odor.

4.1-3.2' Yellow-brown clay, some silt, little sand,
medium stiff, wet, plastic. No product odor.

5.2-6.0' Light gray-brown fine to coarse sand and clay,
little gravel, hard, loosely cemented, friable,
some red and orange mottling. No product
odor.
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inJU

SA
MP
LE

SS1

SS2

SS3

SS4

RE
CO
VE
RY

15'

24"

14"

24"

PE
NE
TR
AT
IO
N

EF
FO
RT

 <
6"
>

3-3-7

5-7-8
8-15
-14

11-20
-21

SURFACE ELEVATION : 213-1
«

jjj SOIL DESCRIPTION

".'." --=-. -... .=-
•***« 0.0-1.2 Dark brown clay loam, roots.$$$&ff<

12-1.9 Dark gray clay and sand, some silt, stiff.
damp. No product odor.

ws& 1 .9-5.7 Light gray sand and clay, some silt, stiff, damp.
|J;.| Some wet seams and gray mottling from
£M 3.3-5.7. No product odor.

5.7-6,0' Gray medium to coarse sand, some silt, little
clay, medium stiff, wet. No product odor.

6.0-8.0' Gray-white fine to coarse sand and clay clay,
trace gravel, hard, loosely cemented, friable,
damp. No product odor.
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£WN£TT & WILLIAMS, fMZ
CONSULTING GEOLOGISTS

(KedJ
BORING: JS DATE: 11/8/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3.5" HOLLOW STEM AUGER nrATiOM- HFMBiro rn vrp M '
xs.
CM

a.
U
O

-5—

•40-

-45-

°nfc

•*c
CJ

SA
MP
LE

SS1

SS2

SS3

RE
CO
VE
RY

17"

22"

19"

PE
NE
TR
AT
IO
N

EF
FO
RT
 (6
")

5-6-6
10-19
-16
8-14
-13

SURFACE ELEVATION : 205.5

g —————————————————————————————————————————
-> SOIL DESCRIPTION

—— r - — - --- - - -- -- — -
Y-"-Y

.Y.V. 0.0-1. 1' Black clay loam, trace gravel.

>̂>> 1.1-3-0' Brown-gray clay and sand, some silt, stiff.
*̂  semi-plastic, dry. No product! odor.
: :::-x:

3.0-4.5 Light gray fine to coarse sand and clay, some
silt, friable, dry to damp, very stiff. No
product odor.

4.5-6.0' Light gray clay and fine to coarse sand, some
silt. damp, stiff. No product odor.

SO
IL
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LA
SS
IF
.

ML

PL
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TI
CI
TY

N/P

1GC405
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J C£

CONSULTING GEOLOGISTS

BORING: KS DATE : 1 1/8/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3-5" HOLLOW STEM AUGER LOCATION- HFNRiro TO

t̂CM

I
M

-5—

HW-

-4*-

"

->BJ
CJ

•̂ rt
->v

SA
MP
LE

SSI

SS2

SS3

RE
CO
VE
RY

ir

24"

24'

PE
NE
TR
AT
IO
N

EF
FO
RT
 (
6"
)

17-12
-15
6-10
-15
14-25
-28

SURFACE ELEVATION : 213-1

„ —————————————————————————————————————————

-> SOIL DESCRIPTION

-v v-j 0.0-0.7* FILL. Blact sand and gravel, some clay, dry.
., ..
:::-: 0.7-1.2 Light brown-orange sand and silt, some gravel
.,j,-\ ,'\_, T tft. J T&**t*,\+*J, aW> JJ* V*M***r1f U1FU.1 .

i>x">
V91 12-22 Dark gray clay and sand, some silt, very stiff.

gasoline odor, dry.

2.2-4.2' Orange- gray clay and sand, some silt, damp
stiff. Gasoline odor.

47-6.0' Brown-gray fine to medium sand, some clay,
little silt, damp, hard, friable. Gasoline odor.

SO
IL
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SS
IF
.

PL
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TY
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1T

OC406



& WILLIAMS, INC
CONSULTING GEOLOGISTS ^

1

BORING: L DATE : ' 1/8/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3-5" HOLLOW STEM AUGER , nrATtoM EIITMDI™ ™ UID™,ALOCATION: HENR1CO CO.. VIRGINIA

CM

5

?

"n"*

SA
MP
LE

SSl

SS2

SS3

RE
CO
VE
RY

17-

16-

18'

PB
NE
TR
AT
IO
M

EF
FO
RT
* 
6"
)

1-2-2

2-4-6

4-8-1 C

SURFACE ELEVATION : 207.6'

io ———————————————————————————————————————
3 SOIL DESCRIPTION

HH 0.0-04' Black clay loam, organic rich, roots, damp.

1= 0.6-12 Light brown-orange sand and clay, damp. soft.
—— No product odor.

== 1 .2-2.7 Gray-brown clay and silt, little sand, wet.
==* semi-plastic, soft. No product odor.

2.7-4.0' Light gray clay and silt, trace sand ,wet,
stiff. No product odor.

SO
IL
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LA
SS
IF
.

CL

ML
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TI
CI
TY

10

4

S
5ot-t1-1

35

35



CONSULTING GEOLOGISTS

..(«eoi

BORING: MS DATE : 11/1 1/85 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD: 3.5' HOLLOW STEM AUGER LOCATON: HENRICO CO.. VIRGINIA

I

-5—

-4fl—

20••vs

-

*rtjU

SA
MP
LE

SS1

SS2

RE
CO
VE
RY

4"

17"

PE
NE
TR
AT
IO
N

EF
FO
RT

 <6
")

2-4-2
6-29
-37

SURFACE ELEVATION : 206.2*

o —————————————————————————————————————————
3 SOIL DESCRIPTION

.'.'.'.\ 0.0-04* Black clay loam, roots, dry. Product odor.
'fofcWfc:*
isjNfig*
i*ss 04-2.0' Brown-yellow clay and sand,, soft, wet. No

04-3-4* Light brown sand and clay, some silt.
stiff, damp. No product odor.

3-4-4.0' Light gray-white fine to coarse sand, some
clay and silt. hard. dry. friable, loosely
cemented. No product odor.

SO
IL
 C
LA
SS
IF
.

CL
SM
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TI
CI
TY

7
N/F

H»— ia
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100408



tiEWETT & WILLIAMS, INC
CONSULTING GEOLOGISTS

BORING: NS DATE = ' s/l l/«5 PROJECT: VIRGINIA WOOD PRESERVERS
METHOD, 3.5- HOLU)W STEM AUGER LOCATION: HENR.CO CO, V.RG.N.A
jf*i.
t*
CM
->w*ehuo

-5—

-w-

-45-

?nt»i>

**iCJ

n̂JU

SA
MP
LE

551

SS2

SS3

EE
C 
0 
VE
RY

12-

24"

22'

PE
NE
TR
AT
IO
N

EF
FO
RT

 <6
")

13-6-5

2-5-13
8-10
-20

SURFACE ELEVATION : 207.5
«go ———————————————————————————————————————
3 SOIL DESCRIPTION

•̂
WJ 0.0-1,4' FILL. Black and gray sand and gravel some

r.v.v. clay.

Illi 1.4-2.2' Orange- brown clay and sand, some silt, dry.
4̂  stiff. No product odor.
W

2.2-3-4' Orange-brown clay and sand with light gray
fine to coarse sand and clay intervals, some
silt, damp to wet, stiff, non-plastic. No
product odor.

3-4-4.3* Brown sand and clay, some silt, very stiff.
damp. No product odor.

4.3-4.8' Light brown-yellow clay and sand, some silt,
wet semi-plastic, very stiff. No product odor.

4.8-6.0' Light gray-white clay with fine to coarse
sand, some silt, loosely cemented, damp, hard
No product odor. ... - ..
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AS
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! G%

fro^e._yirglnLa Wood Preserving - Rentokil . . •«iniN«,GMW-l *ht«. .1 o( 1
Locnian P«vtnn Straat & Oakview Avanua. Henrico. Coujity. Va.o.,.0f Bo-m, V21/8-;
Suri*M E»«v«.o« H. Lot*d*v: VfVfH Job No.8̂ -02-1 ?
— D«pih
rr Fl

•ortng L9f ft NotW

•^3,0 I FILL MATERIAL- Damp brown clayay SAND
I- No Product Odor

, Ôtf&jr) iZ'T-̂' ----" ------

l?'°>\
</
>
>̂ —————
<
K

< 7.0
<<•
s

>

; o.o
s
f

f

;;:
'
:

Wet dark gray silty CLAY with organic
-material
Strong Product Odor

| S«mplin§ DiU
No.

. 1

. 2
~" &E?sy7~ffiss VT-TE &̂?t— • T1 —

- " H3^̂ _/̂ /̂ . xP̂ r-̂ "̂ : L_._
&&*t*EJ2*SJ-*E' <e,L0 J

iDamp brown & strong brown clayey SAND
Product Odor

Granite Reaiduum - Damp yellowish brown
_ & gray micaceous silty clayey SAND
Slight Product Odor

•
&&7?7V#/7̂ --S&fo-̂ &G0tf7*' -~" ' ~

— •-••--
£*&V '7&/Y/7~̂  &£&& --^—--

-

G&JV̂ -LtW*?*: "- : -•= --—•••••-----

•

i

2̂ .2 .

round Wt1»c
rt»r !•«•! to .
I* tfl M ._______.

-2" £tf5£̂ fev 7f>/̂ r.
S-̂ M ̂^ .̂ /̂  ̂ ±0tt($'̂ £?v&7~'")

_ Bottom of Hole _

Dttt: Qround W>ttr Conttct .j-1̂ -* " — •—- m.
•̂0 ft. tMlow rowod «"*"* 2*f .. 0 t̂  rfw, cornptatton.

_.J*t. bvlow fround MKlM.

If

5

6

7

f*om

0,0

2.0

<f,0

9.0

lif.O

19.0

24 0

Te

1.5

3.5

5.5

10.5

15.5

20,5

24- 2

IIOVM*

6-8r6

1-2-1

1-1-1

U-14-22

U-9-U

10-27-̂ 5

160

rMDRAK
GBOHEHIICftL SERVICES, Bl

RlCaCND, VZBdKIA

*. No. VI ItoM 140*. Hvrvnw, XHn. HI, fUquliwf IB Dri* 2 In. O.D., 1 J7* ki 1.0. .Urne* • Intfm. GKW-1 (1)

100410



numrai*

'•OFCI Virginia Wood P^eservinR - Rentokil •wt««Ho.GMW-2 S^«t 1 •' 1
iKMiwt p*yton Street & Oakvlew Avenue, ttenrico County. Va. *>•'• «« *o'»m V25/8*
SuH.ciEitvitio* Ft. Loftdty: WWH :, Job No. 85-02-13

iUL
> x

.
^

, ~*

>„ • ' ••

1f I ic

0«plh

), 0

x
8.0

|j
18.1

l|(H>ntf WMM
IP/rar lr*»l to
1 C»« In **____.

•tfrlnf Laf ft Nom

Damp yellow brown red & gray sandy CLAY
.No Product Odor .

•'
,̂ >j£A/ 7~/3Af / T2£i ̂ (̂̂/

' 2"S*r* <?̂ ss. M &,s*£>
Damp gray ft yellow brown clayey SAND

_fto Product Odor ._ __

Trace of Quarts Fragments -7.0'

Granite Residuum - Damp gray to gray &
. yellow brown sandy CLAY to clayey
SAND (Large Fragments of weathered to

—unweathered GRANITE)
No Product Odor&&/V7~&sy r?-̂  £?"£*&£.

£-'/<?>*> 'v&£ &4t:2.#C - - - — -— — -

y J& tf t̂  ^̂ V"*̂  ŷ  £jf £j

â***̂  OJIŜ ***̂  ^

Bottom of Hole

....... =. - - - . _

.̂  O-..V-* Wt— '••y— ̂ A6r,O
7*1 ft. btlow r*«̂  Mrfm 2̂ . 0 tn. »f tw wmpittkm.
_^<t bf tow pound wrfvot.

Simptlni DlU
No.

1

2

3

•
5

6

7

8

-SL

from

0.0

2.0

...
6.0

6,0

10,0

12.0

14.0

Ricai:
;N..M.MMMH —— .̂ ŵ .tM-ifctw.̂ ^

To

2.0

4.0

6,0

8.0

10,0

12.0

14,0

16.0

— m — T —In. I —

ll»*y|*

T

4-4-4-5

7-19-26-4

7-23-34-3

15-31-38-

6-13-16-2

5-8-11-14

6-9-10-13

5-11-15-1

Mi S£3*VICE3f INC.
M5, VUdNIA

\ GMW-2 (7)

5

f

32

3

6



its. uumrcu
1 »•»« vtrrlnta Wood Preserv.nK_- Rentokil !••""• "•'GMW-3 »•« 1 «' 1
I "

jĵ
1 •

'r
N

[ -

^

t '
F J

r*
' >

J

J
! -

!i
i
; '1 1:'

ô«̂  P«vton street A.oak^.ew Avenue. Htnrioo County. .Y*..,"""*""* 1/ZVHJS.
SUHM i^iitaM M. Ut«(iT: WWH *«»»•• 85-02.11
, Otpih
c f*

•
c
M

>
*•
X
<
.-
K

\
h
^

^̂

N

s
>

i
c

t

1
r

f
-~

e*

fcO.O
fc,7

V_

•̂i

*,o

•-*

8.0

rf -
15.0

/

>. 20.1.

'1

1

Îkwntf Wt*»
•̂Ktrtov*! to

C»v» tn tt „

— ._ .... . — - .. ..„._,. <t _
•orlnt tet ft Now* ,-, CL, .

Damp black silty SAND
.Damp yellow brown sandy C.LAI
Faint Product Odor

&£=rsyr&/*/7-& &*=#*,-

Damp yellow brown gray ft red clayey
_?AND _
Product Odor

^̂ 7̂ttY/r̂ -̂ &/*-<gJl20tS7~
i

Granite Residuum - Damp gray red ft
. yellow brown to gray sandy CLAY
Product Odor

<£"&:*£ <*& ̂ y&J? 7S&&.

&'jg--#'7-'0AS/'7Ter ̂^̂ ^

Disintegrated Granite - Damp brown
yellow micaceous clayey SAND to silty -
SAND
Faint Product Odor
&&J yei~ ~&*?<2 *:
2 "̂ t̂? s&e&̂ vf-.0/& 3
Ŝ v̂ <a=.0/-//-.*F- 4*-0(S'J,tr#g.7*f̂

Bottom of Hole

rD*r»: Orwnrf W»»r rMUrl —— li— ̂  19
3« Q tx bttow r*vnrf *•-**— 2^ • 0 K« ,{», vompltMA.

r— T'**- taitow frovntf MrftBt.

Sampllni Dau
No.

1

2

3

4

5

6

7

8

9

10

From

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14,0

16.0

19.0

To

2.0

4.0

6.0

8.0

10.0

12,0

14.0

16.0

18,0

20,4

• few*'

J-13-8-5

2-8-12-17

8-13-20-2

6-16-16-1

5-11-17-2

5-7-11-13

4-8-11-13

3-6-8-10

2-7-12-2C

5-25-100

DVORAK
GD7IB3*aCM, SERVICES, X»

RicafcrB, VUGIHIA
!H«. tt BtoM l«Hk- Kvnrmr, ftMft. FiN. B* qut.nl ID Drht S In. O.O., 1-Jtt to I.D. Ump4»r « NĤ M.. GMW-3 IS)



f:
-.<-

i;.s*
!,>>
lx
' Xi ."1 \r\
rvf *if
Mlftitrf
'4

P'*,.« Virginia Wood Preserving - Rentokll I• (Kl̂ No. OMW-J* *h*«t 1 •' 1
Loc*iio« Pevton Strea£ A Oakview Avenuer Hanrico County r V». Dtiteiiotmi i/p̂ flj
Surf«c« Clcv.»*an fl. Lot^Vv-' WWH Job Ho. B^-OP-1^
3 D«pthr FIk o.o
"• 5

?%<= ————

S 2.0

A
i

- 4,5

' 6.0

rj

1 Verlnf Lot * Horn

j Damp black silty SAND
LDamp gray silty SAND
*2t>*£&&7~& •.
Damp gray ft yellow brown clayey SAND

.&>****' r~& AS ST̂ &- ̂ •̂ sajĵ O-'S')
^ _ . „ - . . . -

....Jragiptn - Dry gray cemented silty .__
fine grained SAND
Granite Residuum - Disintegrated Or an it

. Light gray micaceous clayey SAND to
silty SAND ,

'̂'jvyt? srcẑ . #6 jG/ŝ .̂
L ̂  P̂ G~Af.T-&sv /-T-fT- Ŝ /̂ _ ̂&&0L&~

;
c

_T
.
-Co-s'J r̂xXTv»A'/-r~3=r ^^4 ^ J

<SU2̂ f f£n~ Ĵ rftZJC

* ^— _i.

15.5

::: 19.8 1-

i1
'l

1

Gnswr.rfW.MW

- Weathered Granite - Damp brown yellow -
micaceous silty SAND

<2" P>y<z ts*̂ / <#$
<̂̂ Jgi==£==SS [OS &)(&' AJ=-/*&7~"}

-Bottom of Hole —

**No Product Odor

O*M- fl'̂".* Wt̂ 1 Cfl- ,*tf . ,._fi.«..0,..,. .„.
^̂ fc*». î -ii. 3.2 *• ̂ î , r. .-..I............. 2**. 0 toL«*», ..p-pi.*.*
*̂JK« »n tt ___ ;*t tofew yvvfMf wrtM.

Swnpdnf O|U
No

1

2

3

If

5

6

7

R

from

0.0

2.0

4.0

6.0

8,0

10.0

14,0

19.0

GEOHCHttC
RK»C

'Ho. rt Howl 1«fr% Hmt*f, »*i, PiU, RtqvlfW « Dr)vt S h. O.D.. M» In \JD. »vnptor • Ir̂ m.

in0412 '

To

2.0

4.0

5.2

8.0

10.0

12.0

15.5

19.8

• low*"

2-6-15-19

9-12-15-2

6-37-63

16-21-21-

6-12-20-

14-18-25

12-15-19

32-68

CM3RAK
3VL SERVICES, INC.
ND, VIK3IHIA

GMW-4 (14)

1

17

5

20



r-or«« Virginia Wood Preeerv ,n« - RentokH • wfnfNo.GfFlW-^ «h«1 1 Of 1

ioc..ion Peyton Street ft Qfttv;Lew Avenue. Henrlco County. Ya.D"">'«°'<"i V26Y8«
-. Otpih
4. Fl

«
4
X

K

s

«
1 1
! i

-'

F _

H

1 !__

1 ̂

1 ;

s

s

s

s

V

r»
0

e

fl

0

o.o

•̂f\
6,0

0.0

1
19.0

o

0
tt
0

o

(25 7
Eid Wvw

*-"•In «_

•orlnt Lot ft Horn ;f;..,.

Damp yeilow brown clayey SAND
.No Product Odor _ .__ . . . . . . -

* , -_ - - —
Damp yellow brown sandy CLAY with trace
.of Quartz Fragments
No Product Odor
£fC5" ' £̂ &rSVT~0A' / ~7~*=r &9&1&2-

Damp variegated sandy CLAY - red gray ft
. yellowish brown
No Product Odor (

<5W>r/z?v/7f sgv̂  a&tosr*
'

Granite Residuum - D«mp variegated
. micaceous sandy silty CLAY - red gray ft.
yellowish brown
No Product Odor
.̂ ^ ĵ ^ M̂  j*̂  ^̂ "̂ ^ - Jf-̂  Jff. \̂ £-*? J f̂ * -̂ -̂  ĵ " -* ~.~i. ."_ . -

••̂•A •**-•

*

Disintegrated Granite - Damp brown &
—yellowish brown micaceous silty SAND —
No .Product Odor

<&<&*? */̂ *~ -/W&Jc

2~#>f*. '&#&*r0 : "
ê?*<=# &,0)(*-'<-~**™)

Bottom of Hole
. .. " lQ O

6*9 ft. bttow r«unrf flurfM* ,?̂ |0 Mi >*Mv ••nplnl»n.
•̂.̂•'t* O9>ow provfi-tf wrttov*

* UA W Bld̂ Â f AA_lk lla^«^ fJfL̂ B ft̂ l flMMftlfttrf 10 Vftffhtt 1 !• Q D f _974 III f R ftAMŴ BT 1( ̂fĵ  p 0>V̂ m 1 W/-VIJ. flVĴ TTIBnt .pl..rTHB r SPtf fT̂ Jwr̂ w ̂  wir̂ w ei ̂ # v*w«* i ̂* P "• ***** Ŵ T̂ ^̂ I 1

:: . : '• ... :=T; "~ • f:."-I:̂ U

Sampl)n| Otu
No.

i
2

3

4

5

6

?

8

9

10

From

0,0

2,0

4,0

6.0

8.0

10,0

12.0

14.0

19.0

24.0

UH/IUJHNK
BlTtSTryjunn.

fMfm.

Q0_

TB

2,0

4,0

6.0

8.0

10.0

12.0

14.0

16,0

20.5

25.5

• 10*Vt*

?-15-l4-l

7-10-19-3

10-20-27-

6-13-18-2

5-10-13-1

3-5-6-10

3-5-8-8

2-6-6-7

1-2-4

16-23
tWDRAK
3U, SERVICES, B*
M), VUdHIA

GMtf-5 (20)
413
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TEST BUHINU

»»,»« YlrflP** Woort P«rn«rvlnff - Rfintokil. ————— [Bonn, NO. R.p ——— 5h!!!_J —— o. —— ,
Loe»iiw. Pevton St. & Oakvlew Ave. f Hunrino Countv, ._YJL- OMtoiBwmi 2-19-̂ 05..
Surf.w Eltvtiion M. LoffHBy: WED _ ** No 85-02-13

Dtplh
fl
0.0

2.8

6.0

11.5

16.0

20.5

21.1

Ground W«»

Wmr tawt It
C«v» In tiki

^KhjH:*r
Borinf Lot * Nom /^p->

FILLi Variegated (yellow brown red ft
- gray) micaceous clayey sandy SILT

• Damp to wet variegated brown gray 4
yellow sandy SILT

- Paint Product Odor

FRAGIPAN - Dry gray silty SAND loosely
. cemented
No Product Odor

Damp yellow gray sandy plastic SILT
No Product Odor

Disintegrated GRANITE - Dry to damp
brown clayey sandy micaceous SILT

-. - - -—- -.- - -- -- ,--- - . ---

Weathered GRANITE

Slightly weathered GRANITE
BOTTOM OF HOLE

r O* t»: Or -Mr* Winr Ce*.t»et —— —— *T t ,7 — _
J--»-7_ _ ft, baton* fround furfm ______-fL*-X. *rt. *1t*r eompfeilon.

jjttt bilnw round wrftot.

Svnpling Dili
No.

1

2

3

4

5

6

-7-

Ftom

0.0

2.0

5.0

10.0

15.0

20.0

20.5— gi.o

To

2,0

4.0

7.0

12.0

17*0

20. S

21.0
21. 1

Blovrt*

3-5

6-12

8-10

13-18

.

7-20

10

46_^ ————

DVORAK
GEDraCHNICAL SERVICES, IK

RlCHtND, VUGINIA

'HO. of BIOMl 140-fc. HanviMr. XHn. F>ll,R*qutftd to Dri«« 2 tn. O.D.. 1 475 In I.D. SwnpKr 6 Inchut.

inn>l. 1J1
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propel Virginia Wood PeraervinR - Rentokil BcwioflNo. B-13 Shl« 1 °r 1
Lo«t.o« Peyton St. A Oakview Ave. . Henrico County. Va. o.««i Bonn, 2-19-8$
SitrfMi Etovtiion ' H. to** By: WED **> N°-8 S-02-11

Otpih
fl

0,6
1,0

3.5

7.0

10.0

13.5

. 15.0
15.1

Kround Wl M

Wi»r b«*t h

CM in •! _Z

Borlnf Lofl t Horn "

Wet dark brown CLAY
FRAGIPAN - HARDPAN - Dry gray cemented
silty fine grained SAND
No Product Odor

_ Dry yellow brown sandy CLAY
No Product Odor

GRANITE RESIDUUM - Damp red brown
. sandy CLAY, transitionlng to red brown.
clayey SAND

„ Faint Product Odor

Disintegrated .GRANITE - Dry clayey
.. fine grained SAND
Faint Product Odor

- GRANITE RESIDUUM - Gray sandy CLAY
Product Odor
Sllfhtlv weathered GRANITE
BOTTOM OF HOLE

r Ojit: O-minrf W»tt» C«r t"fl1 ..—"̂O.6.,., ......l ? ?u n"•• fc ft Ulow trvwnd «irt«e» ^^ ' VK*« *f m eocnpUllon.
_!_! L btlow ffround Wff Ml.

Sampling Dm
Mo.

1

2

3

4

5

From

o.o
2,9

4.5

9.5

14.^
1S.O

To

2.0

2,6

6.5

11.5

H.O
1^.1

Blow!'

>

5-75

100

24-41

8-29

i

<
100

CMDRAK
G0JIBCHNICAL SETT/ICES, INC.

FlOftND, VUCINIA

' No. of Stem 140-fe. Himmtr. 3(Mn. f Wt, n*qwlf«rf to Dr.* 2ln. O.D.. 1J75 fn t.D. 5«mfritr 8 Itietwt.

> 1
B-13

00415
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n
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IfcSI BOHINU HfcCOHU

1
4

\*

<

;

|pro.«i Virginia Wood Ptrservinp - Rentokil (ion̂ No. B-18 sh«« jot i
["L̂ i'ioM1 t>«vtorv S-t & Oakvlew Ave . Henrieo Ccpuntv. Va - D»" °' S<"'"B ?-TQ-fi*?
Surf *e« E tovanon f 1. LO9«* •*•' WED . - . , . . . — , ———————————— "*??"?! t3_5 -D2-13 ————

Depth
Fi

t ———— ' —— ™"I o.o
1.0

2.5

»i3.o

16,0

?o_ o
?ô  **
20,6

B̂̂ ntf Wit*

1
C»*» in IT _i

Borlftfl L0ff Ir NotM [ft'..

FILLi Damp brown clayey SAND
_Ffr-nni Product Odor ————————————— -
FILLi Damp yellow brown sandy CLAY

. Strong Product Odor
- Damp variegated sandy CLAY (yellow
brown red & gray)

. Strong Product Odor

__ — —

GRANITE RESlDUUMi Disintegrated
GRANITE - Dry beige micaceous eilty
SAND

— Product Odor _

Highly weathered to weathered GRANITE
Product Odor

Weathered GRANITE
ail£htiy WRBthered GRANITE
BOTTOM OF HOLE

r Oil*: Ground Warn Contact „___,,_ A _Zj_..5 —— . — .
,_"t--<_ H. twlow prownrf •urfxa ^̂ J *̂ir* »fttf eomptotlofl.

l&M. bt»o«r round wrt m.

Sampling D»tt
No.

1

2

3

4

5

6

From

0.0

2,0

4.5

9.5

14.5

19.5
20.0
PQ %

To

2.0

4.0

6.5

11.5

16.5

20,0

' !8'25i_..-.-2Q̂  g

Blown1

11-9

6-11

12-21

9-24

t

22-82

26
50
hO

DVORAK
GEJOTBCHNICAL SERVICES, INC.

RlCH-tND, VIRGINIA

. No. of iloMi 1«Wb. H«nm«r. 3(Mn. FWi. ncqulriKf » Drfvt 3 In. O.O., 1 J75 tn I.D. Sampitr B Inchc*. B-18



Ifcal

P.O..C. y.rflnU wood Preserving - RentoJdl ————— BofingNo. B-21 Sh.tt 1 ol 1

L~.«~ P«vton St. & Oakview Ave. . Henrico County. Va, ———— 0.1.0! Bonn, 2-19-B5
Suri*«Ettvition H. to»*dBy: WED OfHftlKfc. JOD wo. O •) -UZ-J. J

Dtplh
Ft

l l ° ' °

1.0

3.0

6.0

8.5

k 13.0

18.0

20,4

Borlnf Lot ft Nom ' '

FILLi Wet blacJc-brown sandy CLAY

Damp yellow brown sandy CLAY

Damp variegated sandy CLAY
.. Product Odor

Wet gray mottled yellow & brown clayey
. SAND
Product Odor

Damp gray & yellow brown sandy CLAY
No Product Odor

Damp to wet gray sandy plastic CLAY
No Product Odor

—— ̂M ^l»

Disintegrated granite
Wet to damp gray to beige micaceous
silty SAND

_ No Product Odor _
Unweathered GRANITE
BOTTOM OF HOLE

•I round W«Mr D*t*- Arnunrf IM... *»_«.*.*.* 18,0

Wlt.f ICWl If
0Ctvi in .1 _!.

Z.8 . .. 2f 0— _ -. _ *t- b«to«« tround MfrfK* , 7- — hf* •'*•* completion.
I_̂ tt. b«Tew fround MrlH..

S*mptmg Dm
NO.

1

3

.

5

FTom

0,0

4,5

9.5

14.5

19.520.4

To

2.0

6.5

11.5

16.5

20.4

BlDWl*

4-8

11-20

9-18

i

5-8

8

GfcXJl'HJHNICAL SE3W1CES, INC.
RlOftND, VIHIENIA

!No. of BICWM 140-lb. Harnnwr. .KMn. F»ll, Ft*<_rotf«J to Dfi«« 2 In. O.D., 1 J75 tn I.D. S»npltr 6 1 tvJw

1004 u ——————B-21



*w«i Parham Forest I6 *N°- B-l Sh«' 3 0( )
L»c.iio* Pevton Street A- Acklev Road. Henries Co.. Va. D.t, ot BD»n, ̂ /p?/fl<
SuH.ct EHv.iion Fi. LOOK* By: WWH Job No.
Oplh

Fl

•̂ 0. 0

9.0

•
[ 15.5

C«*« in It __

Bofinf Lot * Nom i'nr: '

Damp gray sandy CLAY

'——-—— — T

— =-=—•- — ^^ -: -j - •-- - ~-—

,.., , - - . . - = . _ . . ...:..„__

Damp f.ray & "yellowish hrov/n clayey
—SAND - disintegrated granite —

BOTTOM OF HOLE

-- - - -- — - - . - - — - .-- —

-~ .l_r _ ft. b̂ ow ffrountf turfMt ^ ̂  • -"- hrt. «f m eomplttlon.

__l-ft b«lo«v ground KirfK*. 7_ ...... =, . . - . . , - . .

S cmpting D«t>
No.

1

2

3

4

5

6

From

0,0

2.0

4.0

7.0

9.0

14.0

To

1.5

3.5

5.5

8.5

10.5

15.5

Blow*'

i-i-i

3-4-6

4-10-16

4-7-10

4-10-12

4-6-13

EM3RAK
GBCrroCHNICAL SERVICES, INC.

RICHMCKD, VIRGINIA

•No. Of Blowt IWb. K«mrmr. 30-Ni. f*\, RtqvirMf to DrM 2 In. O.D.. 1 J75 fn 1.0. Swnpltr 0 Inehai. 3-1

J
J



f'̂ i Parham Forest f iNo. B-2 Sh... i oi i
Loc^on pevton Street* Ackley Road. Henrico Co.. Va. D.,.0fBom.9 V2V85
Surt*c* GitvHion Ft. Loo*dm»: WWH ;f- ;;-';..,. Job No.

Depth
Ft

0̂.0
•o.

7.0

•̂
14.0

15.5

«r*d Wmr
r Mv*t tl
in tt __

Borinf Lof ft Nottt

QRGANIC TOPSOIL
. Damp gray sandy CLAY

,. ... = =.::- -= ----— ̂^

— : . . . - - ——

Dsmp gray & yellowish bro^n sandy
- CLAY .:-_ - —-- - ——

~__ —

Yellowish brown & white silty clayey
_ SAND - disintegrated r.ranite _

, BOTTOM OF HOLE

P»lt: Ground Wviv Crtnt̂ rt NQUfi-.-....
u-1 «_3_ ft. b*low ffround •"*•*• PAH *»r« ifttr comptotion.
— ;1t. btlow found turfaet.

Sampting Out
No.

1

2

3

4

5

6

From

0,0

2.0

4.0

7.0

9.0

14.0

To

1.5

3.5

5.5

8.5

10.5

15.5

BlDWt*

1-1-1'

2-3-5

3-6-9

5-13-12

7-16-22

3-7-10

CMDRAK
GBCTTBCHNICAL SERVICES, INC.

RICHCND, VIRGINIA

? No. of Btomi 1*0-fc. Hvnmtiv 30-ki. FMI, n̂ tttritf to Drlw 3 In. O.D.. 1 J7S to I.D, Smiptor 6 InehM. g _ ?

LOG419



s
T

t

!
!"

1

f

t

._». —— ...,.„ .. ——— .— -,,

P.ô ci pnrham Forest lr « No- B-T «"•« 3 °» 1
Lo««*on poytpn Str«ftt * Arkley Roadr H^nriro Co.. Va. 0«.eiBoim» t̂ /̂ /Q̂
Surlict ElfMtlon fl.' togtd By: VVWH Job No.

Dtpth
___LL__

1 °'°

1.0

4.0

8.1

i
14.0

15.5

-,
^̂ •̂ round W*t*i
^̂ V
/^^Wiwr tov*1 h

i 1 Civ* in IT ____.
' 1

Soflnt lot ft NotM Ô ib': -'

Damp gray silty SAND

Damp gray sandy CLAY

....... =. .. —.-.-.-- .=...-..,.- _̂. - -..-_

Damp light gray silty SAND (HARDPAN)

i -

.Damp f?,ray clayey SAND

1 ..-:-- . - . - - . . - . . . . ———--.____

"

Damp variegated disintegrated
— GRANITE -,

BOTTOM OF HOLE

— . . . . . . - . . . . . ....__ ...̂

•̂Tt; Grfrvntl W*t*r Cft«l*rt - ".2P, ?,., ... ._. . -
- * ®_ ft. iMitow r wonrf wr* »w 2 ̂  «. Q hn. «f iw eomptoilon,
_Jtl btlow r oun tf wrf»oi.

Sampl. no Dill

No.

1

2

3

4

5

6

From

0,0

2.0

4.0

7.0

9.0

14.0

To

1.5

3.5

4.6

8.5

10.5

15.5

Blowi'

2-8-16

10-16-32

40-60

30-18-10

1-4-8

6-17-40

DW3RAK
GEOTECHNICAL SERVICES, INC.

RICHMWD, VIRGINIA

*Ho. of BfeM 1«Mb. Hvnm«-f.3(Mn.Ftfl.RM*tftrtdloDrl««2ln.O.D.(U75ln1.O. SwnplirQ Inehm. T* -a



<

<

Itbl BUmWJ HtUUHU

propel parh?!11 ForpRt. — - -•"• • - - •- -~ ---- ------•=: ._~.-̂Î iB No. R_Jj Shtii i ol -j

Lotion Pevton StrAAt-A Arklfv Roarl, H«m-inn m.P Va . D.«oi«o.Hi| <A,T/fi<
Surf»ct Eltvaiton fl. Lo0*d By: WWH Job No<

r^ k 1 t'«»y;. .;•
p1 Borinf Lo| ft NotM /^. .. ,

0̂.0 1 ORGANIC TOPS01L
Fo.3

2.0

6.0

9.0

»

1 _Damp gray silty SAND

Damp gray & yellowish brown clayey
SAND

_ . —

Damp tan silty SAKD (HARDPAN)

i

Damp yellowish brown sandy CLAY

l4.0 Damp variegated disintegrated
I GRANITE

15.5 i

Kund W«H
•r toy*, to

BOTTOM OF__HOLE

K o n P
120 ? 4 O ». • •<H bvlow fround turf n. *. nn. •( wr eompwllon.
_ ;tLb«lowfround«irfK*.

Svnpling Dm

No.

1

2

3

4

5

6

From

0.0

2.0

4.0

7.0

9.0

14.0

To

1.5

3.5

5.5

8.0

10.5

15.5

Blowt*

1-3-8

3-6-8

7-9-12

20-80

5-12-20

2-3-3

DTORAK
GECTIBCHNICAL SERVICES, INC.

RlOfCND, VIRGINIA

TNo. of Blom »40-Hx Htmmtr. 304n.f .Ml. Rtqulrtd to Drlrt 2 In. O.D., 147S Ni 1.0. Swnpitr S lneh«. g_(j
-- - - - - - - - - - - - •*- — -1 Of: A? 1 —————————————



P.OPCI Pn^h^m FnrP^t. . -Iv .? No. BT^ Sh..i 1 ol X
Lo«v,on p̂ .nn Street.- A Aokl Ry Road, Hfirmino Co.. Va. D.t. ol Bonng ijypVB.?,
Surlact Ekviuoo Fl. te9*d By: WWH Job No-

Depth
Fi

g^o n
WO. 2

7.0

»
15.5

Âxjntf W>t»
t̂rtr ttvvl 1*

C*vi tn tt __

UBiGW*,
Bertnff tof ft NotH '• .

ORGANIC TOPSOIL _ ..
Damp gray silty SAND (HARDPAN)

— - - - ----- . . . . . . . . . —

Damp variegated clayey SA^D -
_ disintegrated granite

. .

- • ..,-....__ _ ^
. BOTTOM OF HOLS .

— . . . . . _ . . —

- -.- •— ----- , . ...... . ...... .

t>tt.i O'̂ Mmi wt HP* ê -'-̂ i .J 3 -,XU_
Â SL, ft. btlewv «r ound «trf «c* ....?4— Q_ hn, «ftw eompteifon.
•̂It. btlowr frcumd Mrlvet.

Sampling D»ti
No.

1

2

3

4

5

6

From

o.o

2.0

4.0

7.0

9.0

14,0

To

1.5

3.1

4.6

8.5

10.5

15.5

Blowf

1-12-19

13-32-68

80-20

2-3-5

4-4-19

8-14-15

CM^AK
GI-DIBCHNICAL SERVICES, INC.

RlCHtCND, VIPGINIA

r Mo. ot Slow* 1«0-%. Mwnmdf . 30-fci. F»H. R̂ utrtd W Or(« 2 In. O.D., 1 475 In I.O. Svnptar G tn«hM.
•-••<-•' "...--.-. .- " .,- .•--I'h'r.'A *^*> B-5 ,



APPENDIX 2

Grain Size Distribution Graphs
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ĉ
.—i

0)
F
OJ
U
QJ
Q

a

R
V
E
S

G
R
A
D
A
T
I
O
N
 
C
L

100443



r
{

r
r

: 
GR

AI
N 

SI
ZE

 
DI
ST
RI
BU
TI
ON
 
GR
AP
H

1H9HX Al K1SHVI0 1H30 HU

a

1
E

c

ft

9
8
E

gR

1?

B»
5-
<* ~
3 0

I
U
. 

S
. 
ST
AN
OA
TO

 S
JE
VE
 Q
W
H
M
C
 I

H 
IN
CH
E.

C 
1
3
 2
 
4
 I
 
"
f
 

i
 
1

-

-

'i-
-

-

-

^

8

/

7*

/
^

V
^

i

/

/
/

—

/

/

—

i— — — —

—

8 Is

—

— —

R 8 g 8 8 S R R
IHDtlM At »HU 1N» «»

—

—

\

I

3

3 =

*

]

VI

a

a

S

I

i
j

i
i

a

f
0 ft ft

p̂
â 
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APPENDIX THREE

INPUT AND OUTPUT FOR THE GROUND-WATER FU3W-MODEL

BENNETT 6- WILLIAMS. 11
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DESCRIPTION OF GROUND-WATER FLOW MODEL OUTPUT

The groundwater flow conditions at the Virginia Wood Preserving

site were modeled using the U. S, Geological Survey modular three ,

dimensional finite-difference computer ground water model (McDonald and

Harbaugh, 1984). All values are in units of feet (length) and seconds

(time). For the Virginia Wood Preservers site four layers are simulated,

an upper unconfined layer, a low permeability aquitard, a lower confined

layer, and an impermeable base layer. North Run Creek is simulated

through nodal designation, and assignment of appropriate stream bed

conductivity, elevation, and water levels. Solution is by the Strongly
:. . -_.. _^- - ' ' ' . . • i

Implicit Procedure (SIP).

Page 2 and 3 of the model output, shown in the following pages,

gives the boundary conditions for the model area; 0 stands for an

inactive node, 1 for an active variable head node, and -1 for an active

constant head node. Pages 3 through 7 give the initial head values for

layer 1 and 2, the anisotropy factor, which is set equal to 1.0

(homogeneous condtions), the dimensions of each cell (DELR and DELC,

each set to 1.0), and the hydraulic conductivity of layer 1. The

"bottom" matrix designates elevation of the bottom of layer 1. The next ^
LO

matrix given,, the vertical conductivity/thickness matrix, refers to the _.$.
- . - - -- >^_ ._, =.^-.|.- .....,,:,---_.,,-. ,,:-s. ,«.. „:.. - = _ ; . -= j r- f—j

vertical conductivity of the hardpan, or friable clay unit, divided by CD

its thickness. Transmissivity, and the number of time steps used (in QC .
. --... . , ..... -. , ; -r, - -,-- . --̂ -̂ ._..̂ . , • - • - ^

this case 1) is described on page 11 as is the error criterion, and the

input matrix for simulation of the river. Iteration parameters aref
shown on page 12. The final head matrices are given on pages 12 through

^WILLIAMS.



16, and the..volumetric .budget for the model is given on page 16 and 17.

The volumetric budget gives the total discharge from the system, and the
• • - . . - - . . . . .

total discharge into the system. Because the model simulation is

steady-state, the difference between discharge in and out of the modeled

area can be used as a rough check on how well the model is performed.

In this case the difference is 1.8 cubic feet per day.

Values Of 1000. in the final head matrix refer to no-flow nodes,

and vales of 1E+30 refer to nodes that were (unsaturated conditions in

the shallow perched water table. The total time increment of the model

is 86,400 seconds (24 hours).

BENNETT & WILLIAMS.
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Û UJ LU UJ UJ UJ UJ LU UJ UJ tU UJ UJ Ul Ul LU Ul \.l' Ul UJ Ul LU UJ UJ UJ UJ LU UJ UJ IXI

e J O ODOOQOoOOOpOoOOOOOOOOOOOOOOO

OOODOOOOOOOOOOOOOOOOOOCDODOODOO
4 * 4 4 4 4 4 4 4 4 1 4 4 . I 4 4 1 4 I 1 4 I 1 4 I 1 4 I » *
LU 'i' UJ UJ Ul UJ UJ UJ '" UJ Ul UJ LU til iii LU UJ UJ Ul LU "' Ul Ul UJ Ul UJ UJ UJ Ul Ul

OOO
OOOOOOOOOOCMOOCMDO — O — — OCMOOCM40O — O3O000 —

4 4 4 - 4 4 4 4 4 4 4 4 4 4 1 4 4 1 4 I 1 * 1 t 4 I 1 4 1 t *
LU LU LU UJ UJ Ul Ul UJ LU LU UJ UJ Ul UJ 'i* Ul Ul UJ UJ UJ LU Ul UJ LU UJ LU Ul Ul UJ UJ

0OOOOOOOOCMC3O — O— — OfM — OCM400 — r-0

4 4 4 4 4 4 4 4 4 * 4 4 4 1 4 I 1 4 I 1 4 I 1 4 I ID — O
fM
CM IM CM CM
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APPENDIX FOUR

STRATIGRAPHIC CROSS-SECTIONS
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STRATIGRAPHIC CROSS-SECTIONS

The stratigraphic cross-sections shown in Figures B through G were

constructed from boring logs shown in Appendix 1T and field

observations. Boring location are shown on the cross-sections, and

boring or well designations are given above the sections. Symbols used

to construct the cross-sections are shown in Figure A. Elevations shown

on the cross-sections are in feet above mean sea level,

Horizontal scale for the cross-section is one inch equals one

hundred feet; vertical scale is one inch equals ten feet. The vertical

exaggeration used is ten times.

BENNETT & WILLIAMS,



Fig. A - Symbols used in stratigraphic cross-sections A-A* through F-F

sags..i!

Ŝ P: Friable clayey sand

Clay .:.:.:.:.:.:.; Loosely cemented clayey sand

Sandy clay frffl Weathered granite

Silt :•:•:•: Siity clay and sand
• r?j y^ /

Qayey sand >̂ ; Granite

BENNETT & WILLIAMS, I.flj-.j-o.ot7i :
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COMMENTS ON THE FIRST DRAFT.FROM. EPA REGION III

Upon completion of the .first draft of this report,
comments on the draft were invited. Comments were received
from EPA region III. The comments and responses are
included in this appendix- ~ _ ;i •

Page 5; Paragraph 2 _ _ _ __.

Add- existing well specifications to Table, 1
Existing well sp"ecifi.cations ar.e ,in Appendix 1, wells

GMW1, GMW 2, GMW 3, GMw'i, GMW *5i". ~~~"

Page 16; Paragraph 1 _

No.cross-section descriptions in Appendix 4.
This ;has been__ corrected in the text.

Page 16; "Paragraph _1 _. .. . ^.

Appendix 3 should, read;Appendix 4.
This has been corrected in the text.

Page 20? Paragraph 1 ^ __

Where- is the Kardpan absent, cannot., tell .from the cross-
sections . . :
Absence of the friable sandy clay is shown on cross-

sections as areas where friable sandy clay ;grades into
weathered granite. .'.'. "~ . _ ."..

Page 23; Paragraph 1 . ...

Are_deep wells in the granite for water supply?
Yes. ..r- , -. _n> _ ; - : .._. r,. .. :.̂ :-: _-F - .

Page 23.j Paragraph 1

Why do deep wells., produce from the ^ame fracture..system? -
The; speculation is based on the previous experiences in

the area. - - — - *-- -- - - - = _--

Page 23; Paragraph 2 ' _ _- -

Why do you suspect the. two aquifers are, .not connected?
Several "dry holes" have been drilled Into "the granite in

the area. . : - - - - - - - - - - — --------- ----- . - -- - - = ——.

Page 25; Paragraph 1 '.. ...... _ - - - _ _ _- -

Is there an area trend to T .values?
There .is "insufficient data to- determine trends

conclusively.

ft P I n n f i 7 ̂  BENNETT c- WILLIAMS, IN<nn. l U U H / J



Page .25; Paragraph 2 if..

Why does the lower aquif er_.have to have anything to do
with the "standing water? "~~~

In the area of the standing water, the friable sandy clay
unit is absent and therefore, there is interconnection
between the upper and lower aquifer. Thus .the standing
water- is an expression of .the lower, aquifer.

Page 25; Paragraph 2

Is the topographic depr^essipn^ j;he reason. for_-_the standing
water? .. "T" "" """"". 1: I.::"--"̂ i;1"1""-":̂ "" -"_.:_::_:"•.........•;

Yes. From Plate 5, it can be seen that the potentiometric
surface" 6X- the shallow pe|rchej3 water ..table is greater than
the"surface; "elevation." Therefore, the standing water is an
expression of the surface elevation. _ _._."_._

Page 27? Paragraph"! ""." .-_ . _ "--" - : -

— Where" is..the saturated thickness of the upper aquifer
equal to 0.0? . '- ' ' ' ' "'"'"-"' '-" • :

In the center o£ the site the shallow., perched aquifer
becomes seasonally unsaturated thus reducing the saturated
thickness to 0.0. . .

Page 23; Paragraph 2 :" ' ' ''' _' '_ _ " "V" ]

If the s-ediments are unsaturated, there .would be no flow
gradients- -- .....;.-.-../ ---._- - ---. -^ -..,-_,- -
The wording is changed in the text.

Page 30? Paragraph 1 . ..... ..._ " _ . _ - _ _ . . .. .__ ._._.

Interconnection and dovmward movement would" cause the
upper _ aquif.er ,;to .have-a higher head. ....
This has been changed and clarified in the text.If the

hydraulic conductivity is increased -due to an increase in
the permeability of"the restricting layer, then there would
be gravity drainage from the shallow aquifer to the deep
aquifer if "the shallow aquifer has__a higher ;head.

Page 30; Paragraph 2

Upward f\ow of ground-water, would not result in a decrease
of head in the lower aquifer. _
Discharging o.f water ..from the_. lower aquifer causes the

pressure to. decrease in that aquifer..." J^This .decrease in
pressure causes the.head to decrease.

_ . _ __ ._...„._.__„„. __-..-BENNETT or WILLIAMS, L
flRIOQU7U



Page 31r Paragraph 2

A simpler conceptual model, for ground-water flow should
have .been introduced in the previous section.
These relationships were not clearly ̂ understood until the

ground-water simulations .were undertaken, therefore these
conclusions are presented in this section.

Page 37? Paragraph 2 _

Change ground-water,to .saturated zone. T
The,rwording has .been changed in the text.

Page 40; Paragraph 2

Flushing sounds like ari active process?
Flushing refers _ t_o__repeated forced gravity drainage.

Page 40; Paragraph 4

Does this -not depend on the amount of.immiscible liquid
there is?
The minimal saturation of the pore volume.is considered to

be. .the .minimum residual saturation in the presence, of an
immiscible^-fluid- This discussion is presented to
demonstrated that simply by repeated flushing, ie. heavy
pumping, the immiscible liquids__cah not be physically
removed from the aquifer.

Page. 41? Paragraph 1 ! . _

Define snap-off. ~~ ".".. "^ _ "..." "
Snap-off: process._whereby _a slrnall.. droplet separates, from a

larger ..portion of JLlquid.; _ _ _ _ _ _ .._.,-, ........ . ... . ;.,___. _ ._..

Page 41; Paragraph 1 ..

Why do the immiscible -liquids agglomerate!into strings?
Is it related to soil structure?
Droplets move "as a "fes"ppns_e to the. induced hydraulic

gradient. --As ..the droplets move, they contact other droplets
and agglomerate- _ '. . ~ ~~ .... . ,

Page 42; Paragraph 1 ' . . : _ . ....:._-.„..
i

Define .viscous forces.
Viscosity is an intrinsic, property of a liquid, and is

related___to._the liquid's ability to flow. If a force, such
as a hydraulic-gradient, is applied to a liquid, the
viscosity, or -shear resistance, of the liquid may be
represented as a force opposing the .hydraulic gradient.

a P I n H k 7 S -BENNETT & WILLIAMS, i(4 n l u u *r / u



Page-45; Paragraph 2 ....... .,

Reference for. K2/K1 approximately equal to -100.
Kl and K2 refer to the permeabilities, of. layers 1 and 2

(Figure 5). This has been clarified in the text.

Page. 50; Paragraph 2 ~ V ... _ _ _ - , _

Change "thicknesse_s_ having the greatest", to "thickness of
the higher"- ... _-,-.-,--,.---.,—,_ .^...-_- —-—,-—-...----:- — .r
Changing this would alter the meaning.,, It is the

thicknesses of the soils that is discussed?

Page 50? Paragraph 4

Does Figure_7 show 43,000 ft2?
Yes,. " --" - -"-"-- -- ~~"-~

Page.: 52,; Paragraph. 2 ;

What does, saturation have to do.with the movement of dense
immiscible liquids?^ tar.t_UJ!. . _^_.f~, ..•̂.x.,̂  • .;«.™.. ""- -

In the areas on-site where the shallow perched water
table, and a portion of the underlying friable clayey sand
unit, become seasonally unsaturated, capillary pressures may
induce the flow of * liquid dow"nwafd~to the zone where
pressure. is_:_ les.s.-than atmospheric. In addition, it is
possible that gravity drainage of., light immiscible liquids
occurs—under unsaturated. conditions. Because the necessary
analyses were- not ..per formed to determine the nature (or.
density) of the liquids behaving in this manner, the text
has been-.changed to "It may be possible for immiscible
liquids to enter....". . .... ....

Page. :.53 ? Paragraph 2 -- ^ —- - . ̂- -^ --

Does Figure 7 show 134>000 ft2? _ ~ -
Yes. "" ' ' "••=•"• ~ """"" " ; " ;" ;• ~ _ ;

Page 53; Paragraph 3 __ - " - " - _"_ __ - - . ;

Why were, the .soils not- analyzed for other contaminants?
Data for other soil contaminants were not available due to

instrument failure at the laboratory.

Page 53; Paragraph 3 ~ ;-

Only 58 samples on Table 6.. . :_ ,
The text and Table 6 have"been corrected to show 62

samples. " : . ;.T... .-. ....";!..! ,, : . "Y

Page:53? Paragraph 3 " _ _ _ ! " " ~J~_"„.,_,._. _: .„_.'_'__._.

47 mg/kg ls_.npt on.. Table 6. . .
Table 6 has been corrected and 47 mg/kg is from %amole_CS

from a depth of 70-75".

c- Vl'lLUAMS, L'
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Page 55- &. Pa_ge 5.6.; Paragraph 1 .. '.

The contours do not correspond to the 460:mg/kg value for
GS and 160 mg/kg value .for. CS.
Figure 8 ,siiows data on samples taken from depths of 2" to

2.'. High cqncen.tr.ations of TRP in CS and GS at greater
depths are discussed in the text.

Page 56-; Paragraph 1_ ~. r " "I _ _ --_ -_ ^

Other causes of contamination may also be;at work.
The.use of the term contaminated runoff is meant to imply

sources such as spills and lagoon leakage.

Page 59; Paragraph 1 ". ~ .."...._._... " - - ! . - . . . : . r:-

Contouring on Plate. 7 seems overly imaginative.
The contouring on Plate'7 best fits the data and field

observations from this site. It is based on analyses, and
surface run off routes.

Page 63; Table' 9 - - -:__ ,—,.;...•.. :_—,.,__._-.._;,-._„..

Which are shallow and which are, deep? ;
All .the^samples on: Tabl£_J2_are from the. de;.ep aquifer.

Page 64; Paragraph 3 - ....__..._./.,." _̂ .l._..-.....:

Need convenieht'reference as to which wells are shallow
and which are deep. " .

In general, wells with "A" following the well number
denote shallow wells.

Page 6 4 ; Paragraph 2 ,.„_.__. , .

Any reason to suspect the .high concentrations shown in
Figure 10....~Yr~1~ ',_.... ._, ,r ...." -. ."-."-: ..'̂ .~.̂ '̂ .'-̂ -
The areas of high _concentratipn_in Figure ;i£f are areas

where immiscible "liquids are present. We suspect that the
contaminant concentrations will be close to the saturation
point. i .. __ . - :.

Page 6.4; Paragraph 3 ' '"" '_" _ .

Why are CCA concentrations possibly indicative of
contamination?
Since background 1 eyel.s_of ; copper, chromium, and arsenic

are not known, it cannot be-Stated at which values the
concentrations become anomalous.

Page 67? paragraph 2

Should discuss the presence of these contaminants in the
deeper aquifer*-__ .... _ . . _ _ . . . . . . _

fi R I 0 0 k 11 BENNETT & WILLIAMS, INC



This JLs not.possible.because the "data is questionable and
requires, further investigation.

S P I n H I, 7 Q -.BENNETTG-WILLIAMS,H n i u u H / o



u

BENNETT & WILLIAMS, INC
CONSULTING GEOLOGISTS ...__._

270D EAST DUBLIN GRANVH.LE ROAD
SUITE 550

COLUMBUS, OHIO 45229
634/882-9122

September 9, 1906

Rentokil, Inc. " ^ -"--•--•• -——:---- • ,,___._, .,- -
SupaTimbe.r Division. __ . \_ _ . . _ _ . . : _
Post.:Office Box. 2248""""..7-'" V-- "."•'"-- .̂'̂ -f-
Nor cross, " Georgia""̂ 1 30091! ~ .'" . _ ' - • • - • - • - • _ ' " _ -

Attention̂ ..!/ N. Stalker: . . . ,."l__li'"-"-,~T-* ^

Reference:" ComfnehtsT^from: Clean Sites, Inc.. on Report on
Investigation of_ the Ilydrogeology, an-T

;," Contamination, at-"the.. Virginia Wood Preserving
Corporation site-, Richmond, Virginia.

Dear ;Mr ....Stalker-

Enclosed "are.,the responses. .to ̂.sanie "of | the comments, by
Clean "Sites, Inc. :on the! reference^ .investigation.

Editing of., the j;eport wasYdone to... account for certain
L_cpinments.-by Cleah"̂ ~S:irteŝ /" IncT" "^OtTier. questions were
"responded to. and :' the" itemized questions and responses are..."
enclosed, within.

• - Let. .us'" knOv/Yif you nWe3 adc3itional copies of plates .or
of the report itself... If; you haye._any" questions or if we.
can be of any further ̂ ser.y"i.c6, _ please; .feel , free' to call .us.

Very truly yours ,
BENNETT & WILL'1 A! IS, I11C

Truman |W« Bennett
Principal Geologist

FOR THE BEST ADVj



RESPONSE. TO COMMENTS FROM CLEAN SITES, INC.
ON THE FIRST DRAFT

Page 3? Paragraph 2 „ _ _ - - • - - - - - --__-

What about .CZA? .Y ;
Previous investigations at the site,di.d not analyze f Or-:

zinc, therefore.:, stating that CZA conataminatipn existed on-
site without further investigation would-be speculation.

Page. .5; Paragraph 2

Does cr6ss-.conhection paused by the. old _ wells refer to
aquifers? "~;" " " T Y~~ '"

Yes,- these wells may be causing^ cross-connection of the
aquifer. . ... •"• Y . '.' -L'̂ TT .... "_Y. LYY._,Z • " " . . . "

Page 6; Paragraph 2
. - . • - ' > ' • > - ' " • '•'S--L-1'_l.-'e--- • 4 ;.':" *i .*-%»>• ,-m^ H-'*',»*« .&_ .' I';...' ' •

Where is the run-off management plan _noted?
The run-off .management, plan is_. noted, in the Remedial _ .

Action section.

Page. 67 Paragraph 3 •" "• ~;- ^

Only 12 monitoring_wells are listed in Table 1.
The .revised report has been changed to read "Locations for

14 additional monitoring; wells..."._ . Twô  of these wells (#6
& 7) were not.installed by Bennett. & Williams, Inc., and
as-built-information for: these monitoring wells is not known
at this time. These"£wa. weTls " are'tthere'f ore.."not listed - in
Table 1_. Based on./the depth of the wells, it is presumed
the wells are~s.breelie.d- above..bedrock. The . wells are
constructed of two.inch diameter PVC with five foot screened
sections. "Y Y " .

Page 6; Paragraph 3 _ j _ _ :_

.Need-to identify Bennett .&."Williams., Inc. wells vs.
previous "we! la... ____,__-,.., ___ __..,...... _ _______ ,.L-.

Monitoring wells installed ..by Bennett .&.. Williams , Inc.
include: GMW 2A, GMW 3A, GMiV 0, GMW 9, GMW 9A, GFW 10, GMW
10A,-GMW 11, GMW 11A, GMW 12, GMW 13, and GMW 14.

Page 1Q; Table 2 . ..___:. —,.._ ... .,." - _

Are there.indicator compounds for creosote?
Refer to Table 10 for a...list "of ."indicator parameters for

creosote and petachlorophenol.

Page. 10.; Tablet ....... .... ..... .... . . ..__._:..._.-...:' .:

What about xylene. "
Xylene analyses would provide, useful information, and

xylene is listed in Table 10.

BENNETT &. WILLIAMS,



Page 13; Paragraph 1 . _. . ' . . . . . _ .

What does "probably covered after, removal of the blow-dov/n
sump" mean? -
The contaminated clay was'probably covered over by fill

after the_.s.ump was removed. - - ._. - —

Page 15; Figure 2 .. ..... , -.. - ..-.. _. - _ _ _ - -
.

All wells should be identified on each drawing.
Well numbers were hot "included on each figure so that

pertinent data could-be clearly noted. Please refer to
Plate 2 for-well number , Resignation. . _ . . . „ ,

Page 16; Paragraph 3 ----- — - - - ^ ^

Reference:for jointing.in granite.
Mr. Truman Bennett has : done, extensive work in the region;

therefore the ."data source" consists of„numerous past
proj ects conducted - in Henrico county.

Page. 19 r Paragraph_2_

The hardpan unit ..is npt.well. -en.ojjgh defined .to distinguish
it on the cross-sections.
The: hardpan is represented on the cross-sections as

"friable clayey safld" (see T.able A, .Appendix 4) .

Page 20? Paragraph 2 . . '. . " . ..

Why Is the water standing near :l.Torth Run Creek if the
friable clayey~sand "is .-absent?

The", absence ~6r! poof development pf the friable clayey sand
allows ground^water" interconnection (discharge or recharge,
depending on the rel^tiye_ ground-water elevations) between
the shallow perched water table and the weathered granite
aquifer. , '-̂ ~--~ --" . ":; ; ; .>
Page 20; Paragraph 2 _

Other _r!epoi;ts have referred_to this layer as a "fragipan"
which implies a specific~;depositional environment, whereas
hardj>an"~is~~a general .term which includes "fragipan" . If
possible the .layer should be defined more specifically.
Hardpan is used here as a-descriptive term described in

the text and is not intended to~ imply any depositional _
environment. •_.-_"-• - - - - " - ;- -"":_... __.__ __.._.. :

Page 20; Paragraph 2

Are .the hardpan and friable clayey sand layer the same?
Yes. ••-' " -"' ^ ~^~ ^^- ..-.̂ -̂ .̂  -...-

P I n n i n i BENNETT & W7LLIAA1S,
'i I UU4o I.



Page 20; Paragraph 2

Is~~the shallow perdT.iê w"at;er "table seasonal?
The saturated, thickness o_f tbe ..aquifer, responds to

seasonal variations in precipitation, and in some areas it
appears that "the existence of/the shallow perched water
table is seasonal.

Page^20; Paragraph 2

IfJit is "or", then the two units should be delineated on
the drawing? _ ...... .... _.._Y Y___...
The use.of "or" in this case refers to two terms applied

to the same..unit.

Page 23; Paragraph 2

Did p'urnping orie weXl_ draw down the other," or any of the.
monitoring wells?.. . _.... ._ ..._-,._. ... „..., _Y ..Ŷ , -.i.-.- -...

During the pumping of:these wells in a previous
investigation, ground-water elevations were not measured.

Page 24; Paragraph 1 -.--__. - _____ ___

What about head in the wells from each u'ait?
Static-water ; levels .are listed in. Table 5.

Page .25? Paragraph 1

I'm not sure there are enough samples,to warrant a
rigorous statistical .analysis.
This should not be considered a rigorous Ystatistical

analysis. • " - . . . _ . :"•".. r. _ . _ - . _.'_

Page 26; Table 4 . . " ..,

. This table is "not/referred .to in the text.
Table 4 is referenced .in Paragraph 1 on Page 28.

Page 2.6; Table 4 .

You should identify the lithologic units associated with
these, intervals. " . _ _ . . . . '. .

In general, those ̂intervals above: ̂5, feet^are in the
shallow perched aquifer.and those below 5 feet are in the
weathered, granite aquifep. Y.!Y , ,"

Page 27; Paragraph 2 .

Are.-wells screened above the hardpan?
The. wells are..__s_creened above the .bottom of .the hardpan.

BENNETT c- WILLIAMS, IN
RIQOU8*



Page 28; Paragraph 2

Where is the second condition?
The other .condition is .idis'cussed in page 32. Comment is

noted and corrected. .. - Y" : „/ >=Y":Y. ™__ ^_,

Page 30; Paragraph 2
———————————tf————————————————————————————————————————————————————————————————————————————————..—————————————..__ .... . . .... .____. ... ,. - ....__.. . .

There are rio boundaries for an aquifer shown on Plates 4 &
5. - -=•• -"-"" - "^- •.-" -'- : --" ." JT "--_ . ------ . \-- :
The recharge boundary is" along Parham.Rd.. and the

dishcharge boundary is along North Run Creek.
. i • i .

Page 31; Paragraph 2 . ,

Plate 6 should be large enough to show the.extent of the
model boundaries. _ ._ _
For: the purposes of this report, it is not necessary that

the model boundaries be shown'on Plate 6.

Page 32 . . ,;.. . . ..,..;;. . ...... .. Y . .'Y • "- . _ •-.,,- . . . . . .

Were any simulations done?. ._._...__ .-_ . _ ---. --_
No pumping simulations werê .done.

Page 34; Paragraph 1 . . . . . . . _ ._.._.._. __

What is the nature^of the organic constituents that would
cause, the wells, to be removed? ... - - ..
Organic -compounds which are retained on the PVC material

necessitate removal, Assuming remedial methods were
successful in reducing organic, compund concentrations in the
future, trace,concentrations of organics may be detected due
to -the orgsinlcs "r~et~ained .on.jthe.YpVC.materiais .

Page 34; Paragraph 3
i . - • , . . . . i

Why does the use_ of. bentonite and s_l_urry cause certain
parameters., .to be, elevated?

See': reference'." '" . :. . "", , .. -..r".._'. '-:."̂ -Y . ! .

Page 35; Paragraph 1

Does "levels" refer; to |rate or. 'depth?
"Levels" refers to rates.

Page .37; Paragraph 1 . : . . _ . _ ' . . .

Why is there-no data for possible contamination by CZA/ #2
fuel oil, or xylene? . \
Pertinent parameters were not analyzed.

n l n n i Q ̂  BENNETT 6r WILLIAMS.ft-R liJuHoaY



,0 « v ,Page 38; Paragraph 1 . .. . .

Check densities of creosote materials.
Densities of creosote.compounds were checked and can be .

found in the Handbook of .Chemistry and Physics, 66th Ed.

Page 43; Paragraph 1

If it is not possible to inake a direct measurement in the
soil then how accurate can this estimate be? Are there any
lab data or empirical evidence to. substantiate the estimate?
References for this discussion are:

Yaniga, Paul, M,__._and James Grr~Warburtori. 1934, Discrimination
Between Real and Apparent Accumulation of Immiscible
Hydrocarbons on.the.Water Table: A Theoretical and

, Empirical. Analysis, _in_ ̂.Proceedings of the Fourth National
' Symposium on "Aquifer Restoration and! Ground Water

Monitoring, p. 311-315. _

Page 48; Figure 6- - ' ' •-

Do these symbols coincide with the units on the cross-
sections? . .

Page 49; Paragraph 3 ~ _^_

It .would be a. good idea to show these values in a table,
identify the sample number and location.
The locations are. given in a previous report by Environ-

mental. ..Laboratories., Inc.

Page 50; paragraph 1 ^ . . . . . _ . . " . '. -Y

Where-is the, documentation for soil sample CS TRP?
Documentation for .soil sample CS is in Table 6.

Page 50; Paragraph 2 . ' _._ r. '.. ._

Define light. . . . . = - - -- ---• - - . ;
Light refers to compounds less dense than, water.

Page 52; Paragraph 2'"

Define dense. "" ..". - .-—..-- -
Dens-e-_refers""to compounds more dense than water.

Page 52? paragraph 2 _ _ _"^ '_ ___-^_
'•- ' '. . .'" ' • - i i ' * .^ • ' " '" ' \ " '

Which areas have" the restrictive^layer missing?
The holding pond and the covered holding lagoon (see

Figure 2), and some areas; withstanding water.

a n i n n i n i ' BENNETT & WILLIAMS, TNCA h i U U k 8 k



Page 52; Paragraph 3

What is dry? ••- — •- -.-—-- ----- _ _ . . . , .
The dry residue mentioned Lrefers__t.o-_ a_. solid_material as

opposed to a fluid material.

Page 53? Paragraph 2

On what data is the conclusion that the retention capacity
is exceeded based? . ... . : "" Y" _ ._.'__. .
Free^f lowing dense immiscible liquid was seen _ entering

borings OS and GS after the. auger .was ..removed.

Page _59? Paragraph 2 .. - - _ - -

Does available chemical analyses ""mean 6nly Bennett &
Williams, inc. samples?" . •_." 'Y ; " " • " " ' - .
The chemical analyses include. both Bennett & Williams ,

Inc.. samples .and analyses reported in previous studies.

Page .64; Paragraph 2 _ . - - ' ' - - - _ _

It -would- be helpful to delineate the extent of . .. .
contamination in the weathered, granite. "~ . • .
There is insufficient chemical anlyses to delineate

contamination in each zone. ...

Page "6.4; Paragraph 3 _

No" As analysis; .for well 11. in Table S-._
It should read well 14. in :the= text -"and. will be changed.

Page 64; Paragraph 3 [ "Y. " ' -' ^ ::

Why are CCA concentrations possibly indicative of .
contamination? ' . ; , - " : . - . . . :
Since background level^ of ...CCA 'are _:npt. known ..in the area,

the level ̂a:t which CCA concentrations become anomalous can
determined.

Page 66; Paragraph 2 _•

Was contamination reported on both blan'ks?_ If so, the
analysis of. the. .entire round may be worthless. What type of
sample bottles were used and what type of liners in the
Caps? 1""""" " •""" " "" : ' -~-T_. :-:.:-. •• - - .- .: -
Sampling was .performed- by Environmental Laboratories , Inc.

The coiranent is valid and possible problems with the data
have been .noted in the text.

Page. 67; Paragraph "1.— . ' '. .... ...

How was product odor determined, by sniffing of by meter?
Product adar_-was determined by sniffing. ;

BENNETT & VFILLIAMS, JA „.



Page 6.9 .... ... ........ _^_,._.-._. __!-" • .̂ .̂L_1_ • -,--• ^ - Y ..........

An additional well cluster is needed north of the
intersection of Peyton St. and Ackley Ave". Also I do not
see any justification, for - destroying the.good, wells put in
as a part of .this study. The berm can be built around them.
Well_13 is located north ~of Peyton' St. and Ackley Ave. A

shallow well located here may prgvide_:useful jdata.

Pa.ge--70_7 Paragraph 1 Y ,:--—-

Has insitu biological treatment been .evaluated?
This is discussed on page 79, method 3.

page 76; Paragraph 1
i -

One drawing is .needed that, shows the wells with labels
that are included in the.monitoring plan.
Plate 8 -identifies".:those wells that will be included in

the monitoring plan an~d_./the labels for those wells can be
found on" Plate 2. Any other figure would be redundant.

Page 76; Parag_raj3h__3 - - - - _ -""--" '-'_'

Table. 10 is not adequate for _EPA certification. Should
use the CLF, HSL list for at least the first round and
modify after""that. . . . . . . . . . . . .
Table 10.lists the chemical parameters Bennett & Williams,

Inc. feels will be Useful in characterizing the contaminants
present. It is not an attempt to satisfy Regulations or EPA
certification. "~ ~~

Page 83; Paragraph 3 . J ,

Why the inconsistancy of the units?
Hydraulic.conductivity.describes the potential at which

water can move through a medium. It has_units in gpd/ft.
Transmissivity is the rate at which water is transmitted
through a unit width...of aquifer, under.a_ unit hydraulic.
gradient .and canYbe represented .by T=Kb. It has units in
gpd/ft^. The units are consistent.

page 84; Paragraph 2

No analyses?
Samples were taken, but analyses were not completed

because1" o"f -instrument failure at the laboratory.

page Q5.; Paragraph 1 ' . _ " " . - _ _ _ - - . " " - " -

Probably should plan on the removal :of all- old....wells and
install new Ones^ as needed. " • -• -
This is recommeded under-.Recommendation 1.

BENNETT & WILLIAMS,



Page 86; Paragraph 1

HSL "shoQld.'be .the determining_factor for future testing,
Table .10 lists those .chemicajl parameters Bennett & .

Williams, Inc. feels Will, be useful in characterizing the
contaminants present. It is not an attempt to satisfy
regulations or EPA certification.

Page 86; Paragraph 2

Cost is not mentioned.
Cost estimates are not-included in this report.

BENNETT & WILLIAMS. INC
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DATE OF DOCUMENT
-
^

DESCRIPTON OF IMAGERY

NUMBER AND TYPE OF IMAGERY ITEM(S) ( /y



EPA REGION \U
SUPERFUND DOCUMENT MANAGEMENT SYSTEM

DOC ID
PAGE #

IMAGERY COVER SHEET
UNSCANNABLE ITEM

SITE NAME ISĝ /t-g K ,-
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